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previous was pointed out that not only the hetero- 
genetic substance present sheep blood (Sordelli and Pico, Sachs 
and Guth), but alcoholic extracts erythrocytes general give 
flocculation reactions with hemolytic immune sera. 

further study these reactions was undertaken the following 
experiments. was stated previously that the strongest reactions 
were obtained with immune sera resulting from injections alcoholic 
extracts blood (mixed with serum), but that they also occurred with 
common anti-eryhrocyte sera. The first object was obtain further 
information regarding the specificity these reactions. 


rather large number different hemolytic immune sera, which 
were our disposal, were tested with emulsions alcoholic extracts 
various bloods (Table I). 


The extracts and emulsions were prepared follows: cc. oxalated blood 
was centrifuged, washed times with saline solution, and the sediment cc. 
per cent alcohol was slowly added, while shaking, prevent the formation 
clumps. After standing for hours room temperature the alcohol solution 
was filtered, and the residue was again extracted the same way with cc. 
per cent alcohol. The combined alcoholic extracts were filtered and concentrated 
cc., corresponding one-half the original blood volume. After cooling 
room temperature this solution was filtered again remove any turbidity. The 
term “alcoholic used this communication refers this kind solution, 
unless special mention made change technique. 


Twenty-first paper antigens and specificity. 
Landsteiner, K., and van der Scheer, J., Exp. Med., 1925, xli, 427; Proc. 
Soc. Exp. Biol. and Med., 1924-25, xxii, 170. 
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The emulsions used for the flocculation reactions were prepared different 
ways. The original method employed us, adding parts saline, drop 
drop, part alcoholic extract (method Sachs and Guth for heterogenetic 
antigen) could not used equally well for all kinds blood. some cases the 
emulsions were not stable enough, and for this reason yielded too many weak 
heterologous reactions, undesirable for the study the specificity. was found 
possible increase the stability the emulsions quicker addition the 
saline solution, and the most stable emulsions were those obtained quickly 
adding the alcoholic extract the salt solution Sachs). each kind blood 
the most suitable method emulsification had determined preliminary 
experiments. even happened occasionally that extracts bloods the same 
species, and apparently made the same way, showed differences the stability 
their emulsions. the case rat blood was found necessary use the acetone- 
insoluble fraction the extract and add cholesterol. After evaporating the 
alcoholic extracts dryness, and redissolving the residue with boiling absolute 
alcohol, extracts were obtained which still reacted typically. Furthermore, 
filtration the solution absolute alcohol through Berkefeld filters did not 
remove the active substances. For each extract the tests with all the sera were 
made the same day and with the same freshly prepared emulsion. 


Preparation the Emulsions Used the Experiment Table 


Horse part alcoholic extract blood parts saline were 
added, drop drop while shaking. 

Chicken Blood.—Prepared the same manner, with addition saline very 
slowly, drop drop. 

Rat Blood.—10 cc. alcoholic extract, corresponding cc. blood, was 
evaporated dryness and extracted twice with cc. boiling acetone. The 
residue was extracted with cc. per cent alcohol the steam bath, the 
alcoholic solution filterd hot, concentrated cc., and again filtered after 
cooling. this alcoholic solution was added 0.3 cc. per cent alcoholic 
cholesterol solution, alcohol, and then times the volume saline, drop 
drop. (Without cholesterol only weak reactions were obtained. The original 
alcoholic extract gave emulsions flocculating themselves.) 

Human part alcoholic extract was blown from pipette into 
parts saline. 

Rhesus the same way 

6. Pig Blood.— “ “ “ 

Sheep Blood.— “ “ “ 

Horse part minced horse kidney was extracted with times 
the volume per cent alcohol for hours, room temperature. The alcoholic 
solution was filtered, and part was blown into parts saline. 

Guinea Pig Blood.—No entirely satisfactory method has been found for 
this blood extract. The alcoholic extract was diluted times with per cent 
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alcohol, and part was blown into parts saline. practically every tube, 
including the control, slight flocculations occurred. The table gives only the 
readings the distinct reactions. 

0.2 cc. the inactivated rabbit immune sera, diluted one-half, 0.2 cc. 
given emulsion was added, and the tubes were kept 37°C. for hours. 

the readings both the formation flakes and sediment were taken into 
account. The strength the reactions indicated follows: negative; 
F.tr. faint trace; Tr. trace; etc.; questionable; blank 
spaces test made. Several times noticed that the reactions had in- 
creased intensity when the tubes were allowed stand longer than the usual 
period hours. example given the last column the table (pig 
blood). 


One sees from the experiments that considerable number the 
immune sera react distinctly the emulsions homologous blood 
extract, but different degrees. the case the immune sera 
against human blood Group and horse blood, the reactions were 
comparatively weak. The differences the effect the individual 
immune sera are certainly due part their unequal hemolytic 
agglutinative strength; but the existence qualitative differences 

Besides the homologous reactions others occurred. one disre- 
gards the faint ones, these heterologous reactions display certain 
regularity. example found the frequency reactions 
horse, donkey, and mule blood antisera with emulsions alcoholic 
extract rat blood. Six out ten immune sera for horse blood, five 
for donkey blood, and three out ten for mule blood gave floccula- 
tions with rat blood extract, most them considerable strength, 
while none the other heterologous sera reacted. That these reac- 
tions were mostly stronger than those horse blood extract may 
explained the fact that cholesterol was used the preparation 
the rat blood extract emulsion, and not for the horse blood extract. 
There was visible effect the rat blood immune sera horse 
blood extract. similar case found the action rhesus 
and baboon blood immune sera pig blood extract. Moreover, 
will noted that the two immune sera against monkey blood also 
flocculate human blood extracts, while the reverse reaction rare and 
faint. Another group such reactions that the blood corpus- 
cles known related the called “Forssman viz., 
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sheep, chicken, Group human blood. this group also belong 
the flocculations with alcoholic extract horse kidney. 

The weak reactions which take place rather irregular way may 
due the presence the same similar substances all the 
extracts, the action certain antibodies various substances. 

tests with normal rabbit sera only two weak and one moderate 
reaction occurred, the latter the case chicken blood extract. 
The reacting serum was the only one the five normal sera tested 
which gave considerable hemolysis with chicken blood. When nor- 
mal sera several other animals and human sera were allowed 
act various blood extracts, the readings being taken after 
day 37°C., the tests were mostly negative, except the case 
the horse blood extract. This was flocculated normal chicken, 
sheep, and beef sera, the latter reactions being strong. The reaction 
became weaker, but did not entirely disappear when the beef serum 
was treated several times with horse blood. After standing more 
day room temperature, some other reactions became evident, for 
instance strong flocculation chicken blood extract beef serum. 
flocculation alcohol extract rabbit blood with chicken 
serum has already been described Pick and 
reported the flocculation extract beef serum normal rabbit 
serum, and horse serum extract the serum rabbit injected 
with this material. 

Table gives the flocculation reactions special group 
immune sera obtained injection mixture alcohol ether 
extract horse blood with protein (diluted pig serum). The pre- 
paration such sera and their properties were described earlier 
communications.' stated therein, these sera proved specific 
their hemolytic action. the flocculation tests, however, reac- 
tions alcoholic extracts several bloods were found. Itis possible 
that this lack specificity was caused the injection pig serum. 
However, experiments were performed decide this question. 

The two sera prepared with ether extracts blood alone floccu- 
lated only horse blood extract. 


Bordet, J., Studies immunity, New York and London, 1909, 525. 
Pick, P., and Schwarz, O., Biochem. Z., 1909, xv, 453. 
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small number precipitin sera were tested. Some them 
reacted, most cases the extract the homologous blood; but 
the majority the reactions were weak (Table 

According former results, the property immune serum 
flocculate seems run parallel with its content hemolysins rather 
than that order see whether the antibodies 
concerned the hemolytic and flocculating reactions are identical, 
removed the hemolysins and agglutinins the usual way, 
addition erythrocytes (Table III). 


TABLE III. 
Immune serum of 
Immune sera prepared injection Absorbed with horse 
Horse blood. 
Alcoholic extract horse blood pig 
serum, 


The absorption was made repeated addition washed blood sediment 
the one-half diluted inactivated immune serum (for example, 0.35 cc. sedi- 
ment 0.5 cc. immune serum portions, allowing the mixture stand 
the ice box for hour each time until finally hemolysins agglutinins could 
detected the super-fluid). The flocculation tests were made before. 


The results suggest that certain sera part only the antibodies 
producing flocculation are identical with the hemolysins. This view 


Group-Specific Flocculations with Alcoholic Extracts Human 


known that immune sera prepared with human blood 
certain group may contain group-specific shown 


cooperation with Dr. Dan Witt. 
K., Wien. klin. Rundschau, 1902, No. 40. Hooker, B., and 
Anderson, M., 1921, vi, 419. 
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preliminary such immune sera for blood II, 
sufficiently strong, produce heavy flocculation with extract blood 
Group and act much less strongly upon extracts from Groups 
and these comparative experiments the emulsions were 
prepared strictly identical technique (Table IV). 

appears from these results that group-specific substances can 
extracted from human erythrocytes means per cent alcohol. 
Also absolute alcohol can used with the same result. 

the paper referred to, mention was made the immune 
sera against Group III blood. With the use the usual technique, 
the results were not very distinct, but good flocculations were obtained 
the tests were allowed stand room temperature for days. 
However, under these conditions, the flocculations produced 
immune serum with extracts Group were weaker than usual. 

According these tests (Table IV, a), Group ITI immune sera 
have the strongest effect upon Group III extracts. comparison 
the phenomena just described with the results Schiff and Adels- 
berger’ will given below. 


Heterologous (Heterogenetic) Reactions. 


Monkey Blood Immune Sera-Pig Blood.—In view the effects, 
already mentioned, monkey immune sera pig blood extract, 
made hemolytic and agglutinin tests with these sera pig blood. 
The titrations were made described! (Table V). 

Fifteen other hemolytic immune sera, including anti-human im- 
mune serum, and five normal rabbit sera did not effect complete 
hemolysis pig blood dilution 1/50, and most them were 
not all, only faintly hemolytic. The difference between the mon- 
key blood immune serum and the other immune sera was not pro- 
nounced the agglutinin tests. the experiments show, the 
heterogenetic reaction monkey blood immune serum pig blood 


Landsteiner, K., van der Scheer, J., and Witt, H., Proc. Soc. Exp. Biol. 
xxii, 289. 

Schiff, F., and Adelsberger, L., Orig., 1924, xl, 335; 
Klin. Woch., 1924, iii, 679; Bakt., Abt., Orig., 1924, See Hesser, 
S., Acta med. Scand., 1924, suppl. 
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can demonstrated also the hemolytic test. The hemolytic 
titer the immune sera was rather low, but two the three baboon 
blood immune sera had higher titer for pig blood than for the 
homologous blood. This heterogenetic reaction way con- 
nected with Forssman’s heterogenetic antigen, the immune sera 
under discussion not flocculate distinctly extracts sheep blood 
horse kidney. They have marked hemolytic action sheep 
blood. 

Horse Blood Immune Sera-Rat Blood.—A second instance 
heterogenetic reaction brought light the flocculation method was 


TABLE 
Flocculations 
Bloods. extracts 
Rhesus blood I.S. 4-56...... 800 100 200 Tr. 
TABLE 
Emulsion Emulsion 
rat blood. horse blood. 
Same after absorption with rat 


that horse blood immune sera rat was not 
demonstrable hemolytic and agglutinin tests. One may infer 
that immune serum, acting certain substance contained 
erythrocytes, need not necessarily have the property producing 
hemolysis agglutination. the other hand, some observations 
indicate that cellular antigen divided into fractions, the total 
the latter not active the original material. If, for example, 
blood corpuscles are extracted with alcohol, there considerable 
loss antigenic and binding properties. 
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Despite the lack any visible action the rat corpuscles, 
part the flocculating antibodies can absorbed rat blood 
(Table VI). 

Heterogenetic Antigens the Forssman Type.—According the 
observations Forssman and other workers along the same lines, 
certain type antigen present sheep blood and cells very 
different derivation; as, for example, those from organs the 
horse, guinea pig, etc. Chicken blood corpuscles belong this 
group also (Kritschewsky,* Moreover, Schiff and Adels- 
berger? have described relationship between human corpuscles 
Group and the Forssman antigen. 

The tests presented Table give picture the relationship 
various antigens the Forssman,type. They show that there are 
certain differences between these various substances. 

From few preliminary experiments, would seem that dog blood may contain 
substance related the Forssman antigen. The same applies horse serum, 
since have observed reactions immune sera against sheep blood, chicken 


blood, and horse kidney alcoholic extracts horse serum considerably stronger 
than those produced other immune 


Differences between the Antigen Human Blood Group and the 
Forssman Antigen.—According Schiff and Adelsberger, some Forss- 
man immune sera contain agglutinin against human blood 
Group II, and some immune sera prepared with human Group 
blood contain hemolysins for sheep blood. This lysin for sheep blood 
can absorbed human corpuscles Group II, while the sheep 
lysin Forssman immune sera not absorbed human blood 
Group II. were able to. confirm these results. For the above 
reason the two kinds antigen are supposed Schiff and Adelsberger 
not These authors did not obtain distinct flocculation 
human blood extracts with human Group immune sera, but 
the same sera gave flocculations with alcoholic extracts Forssman 
antigen. 

evident from our findings that the properties the extracts 
human blood Group are not identical with the reacting substances 

Kritchewsky, L., Exp. Med., 1916, xxiv, 233. 


Hyde, R., Am. Hyg., 1925, 217. 
See Hanganutziu, M., Compt. rend. Soc. biol., 1924, xci, 1457. 
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contained extracts horse kidney and chicken blood. Further- 
more, the reactions Group substance and sheep blood extract 
not run parallel (Table VII). 

When our emulsions were prepared according the technique 
the Sachs-Georgi reaction (without the use cholesterol) found 
positive reactions human Group immune sera extracts 
Forssman antigen (horse kidney), but they were distinctly weaker than 
those with human Group extracts. The difference between the 


TABLE VII. 


this table some results Table and additional tests are summarized. 


Emulsions alcoholic extracts 


Immune 
Immune sera prepared injection serum Human 
No. blood Horse Sheep |Chicken Dog 
kidney. blood. blood. blood. 


forsch., Orig., 1922, xxxiv, 507) should mentioned that some the horse 
kidney immune sera, for instance No. 4-02, agglutinated sheep blood very distinctly. 


Forssman extracts and those human blood Group was still 
more striking with emulsions prepared the manner described above. 
Under these circumstances, the human immune sera did not react 
the extract horse kidney (see Table VII). 

order study the interrelation between the antigens ques- 
tion, absorption experiments were carried out. The results are 
recorded Table VIII. The tests confirm the difference between 
the flocculable substances human blood Group and sheep blood. 
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DISCUSSION. 


preceding the concept was set forth that the antigens 
red cells consist proteins which are combined with substances 
different chemical not themselves antigenic, only 
weakly so, once they become separated from the complex antigen. 

The specificity proteins general follows the arrangement 
the zoological system, was shown the comprehensive experi- 
ments Nuttall serum proteins, and the important investiga- 
tions hemoglobin, Reichert and Brown. These authors were 
able demonstrate that the relationship the crystal form hemo- 
globin parallels large extent the zoological relationship the 
animals from which the hemoglobin prepared. The antigens 
responsible for lysin and agglutinin reactions behave different 
way that they display sharp differences related, even the 
same species, and similarities distant ones. Thus they are not 
close correlation with the zoological scale. Examples supporting 
this view have been presented previously" (substances differentiating 
individuals one species, Forssman’s antigen, the results absorp- 
tion normal and immune sera with blood closely related species, 
the results the isolation agglutinin fractions from normal 
should emphasized again that after absorbing normal serum 
with some kind blood corpuscles and separating the absorbed 
agglutinins from the cells, the resulting agglutinin solutions regularly 
react upon red cells various species, thus indicating the widespread 
existence heterogenetic Another fact mentioned 
this connection, the presence factors similar the human 
isoagglutinogens and animals (von Dungern and 


K., and van der Scheer, J., Exp. Med., 1924, xl, 91; Land- 
steiner, K., and Simms, S., 1923, xxxviii, 127. 

experiments performed with Dr. Levene, very active preparations 
the binding substance (haptene) Forssman’s antigen, made from horse 
kidney, were found give biuret reaction. 

K., Miinch. med. Woch., 1902, xlix, 1905; Hyg. Infections- 
krankh., 1907-08, lviii, 213; Oppenheimer, C., Handbuch der Biochemie, Jena, 
1910, ii, pt. 410. 

Dungern and Hirschfeld, Orig., viii, 526. 
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Landsteiner and 

Our present work furnishes new instances the existence 
similar substances blood distantly related species, which can 
extracted from the blood alcohol. The flocculation method has 
proved value for the detection new cases called heterogene- 
tic antigens. one them the relationship could shown only 
the flocculation reactions; second one was also made evident 
hemolytic tests. view all these observations the occurrence 
called heterogenetic antigens must regarded the rule rather 
than the exception. 
The assumption that there are present erythrocytes different 
species substances which are similar identical would seem not 
keeping with the fact that most cases immune sera against 
erythrocytes are specific for the species. Yet has been shown that 
immune serum may not markedly hemolytic for certain blood 
and still contain antibody active upon fraction thereof, 
the case described the flocculation horse immune sera rat 
blood extracts. Furthermore, reactions with high concentrations 
immune serum are usually not taken into account, and erythrocytes 
only limited number species have thus far been examined. 

Since the whole corpuscles are much more apt incite antibody 
production than are extracts, the proteins the stromata must play 
important part the process immunization. Consequently 
rather probable that the specificity the anti-erythrocyte sera 
influenced the species-specific protein 

the attempt express the foregoing concept one may symbolize 


the serological structure erythrocytes (and presumably other 
animal cells) somewhat follows: 


Landsteiner, K., and Miller, P., Jr., Science, 1925, lxi, 492. 

Chicken immune sera against human blood Group III contain strong 
agglutinins for the blood several animals, those the dog, guinea pig, pig, etc. 
(experiments made cooperation with Dr. Miller, Jr., published later). 

See Avery, T., and Heidelberger, M., Exp. Med., 1923, xxxviii, 73, 81. 
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etc., represent chemical substances combined with the 
protein (P) groups contained such substances. The symbols 
P,, and indicate proteins that are nearly identical chemically 
and serologically. dissimilar protein distant species. 
According such scheme most the factors (A, etc.) are the same 
closely related species only few being dissimilar, while 
general the factors distant species (m, are different, although 
identical ones may occur. This view supported the fact that 
when agglutinin immune sera are absorbed with heterologous blood 
more the active substances are taken out cells kindred 
species than those others. Also the individual differences 
within one species can accounted for variations the factors 
etc. idea which may alternative supplementary 
the first suggested the fact that antibody may react upon 
several substances not identical, but chemically Accord- 
ingly, the occurrence certain reaction need not necessarily imply 
the existence special serological factor every case. Such 
view would not require the assumption great number sub- 
stances one kind cells. Which the two conceptions ap- 
proaches the facts more closely can subject further studies. 
The possibility that the reacting substances may present differ- 
ent amounts has also considered. 

The meaning accorded the specific factors, etc., differs 
from that the receptor theory that the letters signify 
non-protein chemical substances (or groups such substance), sep- 
arable from the complex antigen, and either not antigenic them- 
selves only slightly so(haptenes). the antigen broken up, 
the action alcohol, its antigenic power greatly impaired. 
According our conception, which variance with the current 
opinion, species specificity cells different order opposed 
species specificity proteins. 


SUMMARY. 


Flocculation reactions anti-erythrocyte sera emulsions 
alcoholic extract blood are described. 


Biochem. Z., 1918, 343. 
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The reactions are markedly species-specific. 

Besides the homologous reactions certain 
ones—have been observed, and this way the existence 
new examples heterogenetic antibodies has been demonstrated. 

Group-specific substances can extracted from human erythro- 
cytes with alcohol and demonstrated flocculation with group- 
specific immune sera. 

conception the structure cellular antigens based upon 
the known facts, presented. 
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LIPOIDS THE GROWTH-INHIBITING FACTOR 
SERUM. 


LILLIAN BAKER, ALEXIS CARREL, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research.) 
(Received for publication, May 20, 1925.) 
INTRODUCTION. 


Experiments Carrel and Ebeling have shown that serum has 
marked inhibiting action the growth fibroblasts vitro, and that 
this inhibiting action increases with the age the animal from which 
the serum The chemical nature the inhibiting substance 
not known. Carrel and Ebeling have shown? that not euglobu- 
lin associated with euglobulin, for the precipitate from the 
serum young animals somewhat stimulating the growth 
tissues and the filtrate more inhibiting than the original serum. The 
present work was undertaken throw light the chemical nature 
the substance. Since experiments embryonic tissue juice have 
indicated that its lipoid somewhat inhibiting growth, study 
serum lipoids was undertaken. The lipoids serum and the protein 
after extraction the lipoids were tested for their growth-inhibiting 
properties, each being compared the original serum and also 
Tyrode solution control. 


The Method Testing the Serum Protein and Lipoids. 


The substances were tested with fibroblasts from year old strain, 
the two halves the same tissue being cultivated, one the experi- 
mental medium and one the control medium, since has been 


A., and Ebeling, H., Exp. Med., 1921, xxxiv, 317, 599; 1922, 
xxxv, 17, 647; xxxvi, 399; 1923, xxxvii, 759. 

Carrel, A., and Ebeling, H., Exp. Med., 1923, xxxvii, 653; xxxviii, 419; 
Compt. rend. Soc. biol., 1924, xc, 170,172. Carrel, A., Compt. rend. Soc. biol., 1924, 
xc, 1005. 
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that the two halves the same culture old strain 
fibroblasts grow uniform rate when the media are uniform. 
This not true embryonic tissue taken directly from animal. 


The technique for measuring the relative growth the tissues was 
used, the original area and the area after hours being measured. 
The media used were follows: 


For Serum Protein Compared with Serum Tyrode. 


Experimental medium. Control medium. 
drop plasma. drop plasma. 
serum protein solution. serum Tyrode. 
per cent tissue juice. per cent tissue juice. 


The protein concentration the serum and the serum protein was deter- 
mined the micro Kjeldahl method and the two adjusted contain the same 
per cent protein nitrogen. 


For Serum Lipoid Compared with Tyrode Solution Serum. 


medium. Control medium. 
drop plasma. drop plasma. 
cent embryonic tissue juice. cent embryonic tissue juice. 


Action Serum Extracted Ether the Growth Fibroblasts. 


Experiments were carried out which the serum was extracted 
ether and also both alcohol and ether, care being taken alter the 
protein little possible order insure that any change the 
growth-inhibiting properties the serum should due only the 
removal the lipoid. 

The method extracting ether found the most suitable was 
follows: 


The serum layer about 1/2 cm. thick was evaporated very rapidly 
vacuum desiccator over sulfuric acid means Cenco Hyvac pump. All 
conditions the evaporation were adjusted that the serum supercooled and 
froze instantaneously. The evaporation was continued until the serum became 
anhydrous. instantaneous freezing and drying the frozen state left the 
protein the serum very finely divided flaky condition admirably suited 


Ebeling, H., Exp. Med., 1921, xxxiv, 231. 
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extraction. was then transferred Soxhlet extractor and extracted con- 
tinuously for hours with absolute ether freshly distilled over sodium. 
The extracted serum was finally freed from ether evaporation vacuo and 
dissolved water. The per cent nitrogen was determined; the proper adjust- 
ments protein and salt concentration were made and the brought 7.6, 
the reaction the original serum. 


The experiments the growing tissues showed that all cases 
the serum extracted with ether was less inhibiting the growth 
fibroblasts than the original serum, averaging per cent less (see 
Table I), although still retained inhibiting properties. 


TABLE 


Rate Growth Fibroblasts Serum Extracted with Ether. 
Serum Used Control. 


Rate growth in. 


No. Cul No. Ratio 
roup* ulture Extracted atio Remarks. 
(C) 


Each group constitutes three four experiments. 


Action Serum Extracted with Both Alcohol and Ether the Growth 


The serum extracted with ether alone still contained considerable 
quantity lipoid material matter how long the extraction con- 
tinued how the serum was dried, whether alone absorbent 
material. subsequent extraction with alcohol always removed 
large quantity lipoid which, after evaporation the alcohol, was 
soluble ether and quite different character from the material 
extracted ether alone. This was also true when the serum was 
continuously extracted without drying apparatus designed for 
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the ether extraction liquids. Extraction with both alcohol and 
ether was therefore undertaken, the serum, ether, and alcohol all 
being kept about —10°C. during the entire process. This 
modification the method used Young‘ preparing crystalline 
serum albumin. 


The serum zero degrees was poured drop drop with constant stirring into 
times its volume per cent alcohol —10°C., the alcohol being surrounded 
freezing mixture. Only alcohol freshly distilled over KOH remove alde- 
hydes was used. The mixture was allowed stand from hours tem- 
perature from —10° —14°C. was then packed freezing mixture and 
centrifuged centrifuge cooled 0°C. circulating brine. The precipitate 
was washed four times with absolute alcohol, twice with mixture absolute 
alcohol and absolute ether, freshly distilled over sodium, and finally three times 
with absolute ether. Then after drying vacuum the protein was ground 
powder and dissolved Tyrode solution. the process had been carefully car- 
ried out without rise temperature until the protein was anhydrous the resulting 
product was fine white powder readily soluble Tyrode solution concen- 
tration equal that the original serum. very small quantity the protein 
remained insoluble but this was negligible comparison with the whole. The 
protein concentration was determined the micro Kjeldahl method and adjusted 
equal that the original serum. 


The protein prepared, when tested for growth-inhibiting proper- 
ties, was found much less inhibiting than the original serum, 
the cultures the lipoid-free protein growing per cent larger than 
the serum (see Table II). These preparations were also less inhibit- 
ing than the serum extracted with ether alone which the cultures 
grew per cent larger than the control serum. 

evident that the removal lipoid from serum decreases its 
inhibiting action very large extent. order ascertain whether 
the inhibiting action was entirely eliminated, the extracted sera were 
tested growing fibroblasts, with Tyrode solution the control 
(see Table III). all cases there was found some inhibiting 
action, the growth averaging per cent less the serum protein 
solution. order learn whether this was due the protein itself 
perhaps small quantity lipoid contained it, several prepara- 
tions protein were made which, after the final washing with anhy- 


Young, G., Proc. Roy. Soc. London, Series 1922, xciii, 15. 
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drous ether the protein was transferred Soxhlet extrac- 
tor and extracted for hours with anhydrous ether (see Table 
III). This treatment did not lessen the inhibiting effect. One 
these preparations seemed have inhibiting action the first 
passage but the inhibiting effect was quite marked the second pas- 
sage and the average all results even the first passage gave 
figure almost exactly corresponding that for the protein extracted 
only low temperature. would seem, therefore, that the protein 


TABLE 


Rate Growth Fibroblasts Solution Serum Protein Which Had Been 
Extracted Alcohol and Ether. 
Serum Used Control. 


Rate growth in. 


Group* No. Culture No. Ratio E/C. Remarks. 
protein 
(C). 
2211 105 4.57 8.54 1.87 
1254 119 3.74 6.6 1.76 
1273 119 3.6 6.03 1.67 2nd passage. 
120 4.36 6.9 1.58 


Each group constitutes three four experiments. 


the serum has some retarding action growth, but not 
marked the retarding effect the lipoid. The possibility still 
remains that small amount lipoid chemically combined with the 
protein. so, exceedingly small amount. Reprecipitation 
the protein alcohol and ether has not extracted any measurable 
quantity. 

One preparation (see Table IV) gave results differing from the 
others. Instead being inhibiting had very slight stimulating 
action. far has not been possible duplicate this preparation, 
although exactly the same process has been carried out the attempt 
The explanation probably lies the fact that the serum 
young animals contains growth-stimulating substance precipitated 
with euglobulin Experiments embryonic tissue juice have 
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shown that its growth-stimulating substance precipitated 
but very unstable and easily destroyed. Probably this one 
preparation the growth-stimulating substance escaped complete 


TABLE 


Rate Growth Fibroblasts Solution Serum Protein Which Had Been 
Extracted with Alcohol and Ether. 
Tyrode Solution Used Control. 


Rate growth in. 
Group* Culture Ratio 
No. Serum E/C. Remarks. 
protein 
(C). (E) 


Average ist passage serum extracted 


only low temperature.............. 0.84 

1498 9.4 7.9 0.84 Serum extracted at—10° and 


Average passage serum protein ex- 
tracted with ether 37°C. after ex- 


Average 2nd 0.70 


Each group constitutes three four experiments. 


destruction while the other preparations disappeared, may 
that this particular serum contained more the growth-stimulating 
substance than the others. Experiments are now being carried 
determine whether any growth-stimulating substance can obtained 
the fraction the extracted sera. 
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The question whether the protein altered such strenuous 
treatment that used these experiments not easy answer. 
All evidence which has been obtained far, however, indicates that 
there alteration except very small portion that becomes 
insoluble. Practically all the protein goes back into solution readily 
and remains solution permanently. The protein also contains, 
shown chemical precipitation tests, euglobulin, pseudoglobulins 
II, and albumin, each which precipitated usual and redis- 
solves readily. When plasma used for the experiment even the 
fibrinogen unchanged the treatment and coagulates adding 


TABLE IV. 
Stimulating Action Serum Protein Extracted Alcohol and Ether. 


Rate growth in. 


Group* No. Culture No. Ratio E/C. Remarks, 
(C). 
2246 6.2 1:05 passage. 
1589 10.9 10.4 0.95 3rd 


Each group constitutes three four experiments. 


little embryonic tissue juice. Moreover, crystalline serum albumin 
has been made from the protein horse serum after this treatment 
and the same properties that crystallized from the whole 
All these facts point the conclusion that the protein 
not altered. 

Further evidence that the protein unchanged obtained from 
experiments the surface tension the lipoid-free serum and the 
normal serum. Noiiy® has shown that notable change the 
time-drop the surface tension serum occurs certain high dilu- 
tions, which monolayer the serum Experi- 
ments the surface tension the serum protein solutions gave curves 
these high dilutions (1:9,000 1:12,000) practically duplicating 
those the normal serum. Such concordance results could 


Noiiy, L., Exp. Med., 1922, xxxv, 575, 707; xxxvi, 547;1924, xxxix, 37. 


150 GROWTH-INHIBITING FACTOR SERUM 


hardly obtained the protein the serum were altered chemically 
physically. 

further test immunization experiments were made rabbits, 
using antigens whole chicken serum and chicken serum protein 
prepared above. The serum the rabbits immunized with the 
serum protein reacted the precipitin test the whole serum and 
the serum protein with equal intensity, difference being observable 
the quantity precipitate obtained when the antigens were 
diluted from parts 2,000 parts. The serum the rabbit 
immunized with the whole serum reacted both antigens, the reaction 
the extracted protein being but very slightly less than the whole 
serum even dilution 2,000. Such closely agreeing quanti- 
tative results show that marked change had occurred the con- 
figuration the protein molecule. 

From all the above evidence seems safe conclude that the 
decrease growth-inhibiting action the serum can attributed 
the removal the lipoid. 


Action the Lipoid Serum the Growth Fibroblasts. 


The above results which indicate that removing the lipoid from 
serum one removes the growth-inhibiting factor are confirmed 
tests the lipoid itself. The problem obtaining solution the 
lipoid such state that will utilized the tissues difficult. 
Obviously after once removing from the serum where all proba- 
bility held chemical physical union with protein, cannot 
again distributed through aqueous solution suitable 
condition for utilization. the attempt important that 
the lipoid should kept chemically unaltered possible. The fol- 
lowing technique was chosen the most suitable for the purpose. 


The alcohol which was used for the precipitation and also the first washing, was 
filtered and evaporated dryness vacuum desiccator room temperature. 
was found best leave the residue lipoid dry and vacuum until just before 
was used the cultures fibroblasts. was then taken volume 
water slightly less than that the original serum. was done flowing 
the water over the surface the dry lipoid and rocking the dish gently back and 
forth. this way the lipoid and salts were taken uniform emulsion 
which was very finely divided. the lipoid was scraped from the dish, such 
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even emulsification did not occur and the inhibiting effect the fibroblasts was 
not marked. sample the emulsion was tested for its salt concentration 
determining the freezing point and enough salt water added the remainder 
make isotonic. Also the volume was finally adjusted that the percentage 
lipoid would equal that the serum from which was taken. 


The lipoid prepared proved inhibiting the growth fibroblasts 
comparison with Tyrode solution used control (see Table V). 


TABLE 


Rate Growth Fibroblasts Serum Lipoid Emulsion. 
Tyrode Used Control. 


Rate growth in. 
Group* No. Culture No. Tyrode Lipoid Ratio E/C. 
(C). 
2223 106 7.62 4.1 0.54 
1407 106 8.66 7.53 0.87 
2326 128 6.6 0.86 
1389 137 8.0 3.65 0.46 
2374 141 12.3 6.4 0.52 
2403 141 8.4 4.65 0.55 
7803 149 7.39 6.44 0.87 
1486 147 11.65 9.54 0.82 
7834 157 6.7 6.37 0.95 
7829 157 6.88 4.38 0.63 


Each group constitutes three four experiments. 


Not only was the area growth much less than Tyrode, averaging 
per cent, but the cells became fatty and the tissue died after short 
time, the lipoid acting toxic substance. 

For comparing the lipoid with the serum, not only the alcohol used 
for the first washing but all the wash alcohol and ether were mixed 
and evaporated. The residue was prepared above. These total 
lipoids proved per cent more inhibiting than the original 
serum and were also toxic (see Table fact that the lipoid 
was more inhibiting growth than the original serum would not neces- 
sarily mean that contained all the inhibiting substance the serum. 


2 
the 
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have seen above, the protein left was still somewhat inhibiting. 
The smaller growth the lipoid fraction probably due the fact 
that has different properties, after its union with the protein the 
serum broken, than has its original combination. Also the 
emulsion lipoid, although originally adjusted the same the 
serum, possesses less buffer action than serum changes pro- 
duced the growth the tissues. 

The question naturally arises whether the incease the inhibit- 
ing action serum with the age the animal due change the 
quantity character the lipoid the serum. large amount 
work will necessary answer this question. One preliminary 


TABLE VI. 


Growth Fibroblasts Emulsion Lipoid from Serum. 
Serum Used 


Rate growth in. 


Group*No. Culture No. Ratio E/C. 
2404 141 5.52 5.05 0.91 


Each group constitutes three four experiments. 


experiment interesting results. The ratio the growth the 
serum the old animal that the serum young animal was 
0.81. Exactly the same ratio was obtained for the lipoid fractions 
derived from these sera respectively and also for the two protein frac- 
tions free from lipoid. 

Since alcohol extracts other substances than lipoid, few experi- 
ments were carried out ascertain whether the lipoid itself 
some other alcohol-extractable material that responsible for the 
inhibiting action. The alcoholic solution was evaporated small 
volume and large excess anhydrous ether added times its 
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volume). This precipitated most the salts, amino acids, and sub- 
stances insoluble ether. The mixture was then centrifuged, and 
both the ether-soluble and ether-insoluble fractions tested the 
cultures. The lipoid soluble ether proved the inhibiting 
substance, while the solution the salts, amino acids, etc., was found 
either inactive slightly stimulating. Hence would appear 
that lipoid some substance closely bound lipoid the inhibiting 
substance. Further experiments are being carried out fractionat- 
ing this lipoid ascertain whether the inhibiting substance one 
particular substance, whether all the serum lipoids are inhibiting. 


TABLE VII. 
Rate Growth Fibroblasts Lipoid Emulsions from Various Sources. 


Rate growth in. 


(C). (E). 
7804 Chicken liver. 10.95 7.02 0.64 
2493 4.55 3.4 0.75 (2nd passage). 


Each group constitutes three four experiments. 


That lipoids, class, are inhibiting, suggested the results 
experiments which lipoids from egg, chicken brain, chicken liver, 
and chicken embryonic extract were used. were prepared 
manner similar the serum lipoid. seen from Table VII, all 
have proved inhibiting growth. Further experiments should, how- 
ever, carried out, involving the use these substances many 
different concentrations. 

SUMMARY. 


The growth-inhibiting action serum has been shown due 
largely the lipoids. 
Serum from which the lipoids have been removedis much less inhib- 
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iting the growth fibroblasts than the original serum, 
and only slightly more inhibiting than Tyrode solution. 

The lipoids extracted from the serum are toxic and more inhibiting 
the growth fibroblasts than the original serum. 

Lipoids extracted from chicken brain, chicken liver, egg, and embry- 
onic tissue have likewise inhibiting action. 
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EFFECT PREPUBERTY CASTRATION SUBSEQUENT 
CANCER 


JAMES MURPHY, M.D., ERNEST STURM. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, May 21, 1925.) 


The effect gonadectomy the susceptibility animals trans- 
planted tumors has remained disputed subject. Graf! could detect 
change from the normal rate growth when tumor yielding 100 
per cent takes was implanted castrated males and females; and 
Rohdenburg, Bullock, and Johnston,? similar experiment, noted 
only shortening the latent period. the other hand, Sweet, 
Carson-White, and have reported very considerable increase 
susceptibility both the number takes and the growth rate 
tumors inoculated into castrated animals. None these investigators 
has recorded very completely either the age the animals the time 
between castration and inoculation. attempt analyze 
the time factors involved, noted that mice inoculated days 
after castration showed increased resistance. This persisted but 
diminishing extent until the 16th day. the other hand, when 
the inoculation was made during the first days after the operation 
later than the 16th day, there was variation from the normal 
growth rate the tumor. Later noted, incidental another 
experiment, that prepuberty castration seemed result in- 
creased resistance during the middle age period. This observation, 


This investigation was carried out means funds from the Rutherford 
Donation. 

R., Centr. allg. Path. path. Anat., 1909, xx, 783. 

Rohdenburg, L., Bullock, D., and Johnston, J., Arch. Int. Med., 1911, 
vii, 491. 

E., Carson-White, P., and Saxon, J., Biol. Chem., 1913, 
xv, 181. 

C., Exp. Zool., 1922, xxxvi, 67. 

Strong, C., Exp. Med., 1924, xxxix, 447. 
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however, was based only nine animals, insufficient number 
value, except for the fact that the tumor used for inoculation was 
one which grows almost without exception all strains mice into 
which has been inoculated. Leo Loeb‘ has recorded similar finding 
regard the development spontaneous tumors. Utilizing 
family mice which normally gives very high tumor rate, ob- 
served that animals castrated before months age had very much 
lower cancer incidence than intact animals the same family, while 
removal the gonads later period had slight effect. 

The action prepuberty castration large group factors, 
particularly those controlling the development secondary sex 
characters, well general metabolism and the interrelation 
the glands internal secretion perhaps too complex for even 
attempted analysis the present. However, would seem im- 
portance gather much information possible the general re- 
actions the body such operation. From this point view 
have undertaken the following experiments clear some 
the points the effect castration the resistance trans- 
plantable tumor. 


Prepuberty Castration and Resistance Tumor 


The first test was designed determine the effect castration per- 
formed during the first few weeks life the resistance trans- 
plantable cancer inoculated later periods. 


Operative animals were etherized, the field operation shaved 
the older animals, and the skin cleansed with alcohol. For castration the 
males, incision was made either side the scrotum, the testicle drawn out 
and ligature tied include the spermatic cord and blood vessels. The 
testicle was then severed from its connections and the incision closed with silk 
sutures and painted over with thin layer collodion. For the females small 
incision was made either flank the ovarian region. The ovary, usually found 
lying bed fat, was gently pulled through the opening, ligature tied around 
the vessels, and then the organ was severed from its connections. There was 
practically loss blood either these procedures and only occasional 
animal, even among the week old mice, died the result the operation. 


Loeb, L., Med. Research, 1919, xl, 477; Cancer Research, 1924, viii, 274. 
Lathrop, C., and Loeb, L., Cancer Research, 1916, 
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Experiment group consisted male mice castrated from 
weeks age. These were inoculated with Bashford Tumor No. groups 
and months after the operation. The method employed, the experi- 
ments which follow, was the usual one introducing small bit the tumor 
material into the subcutaneous tissue the groin. each case suitable num- 
ber controls about the same age were inoculated with the same tumor. The 
results are shown Text-fig. 


Experiment 


Castrated Castrated Castrated 
Mates Controls Mates Mates 


Immune 444% 66% 
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Experiment 2.—Thirty-four females were castrated between and weeks 
age and inoculated months later with the Bashford tumor. For controls fifteen 


mice about the same age were inoculated with the same tumor. The results 
are shown Text-fig. 


inoc.8 months castration 


Castrated 
weeks age weeks age Control mice 
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Experiment 3.—In this test there were males and females castrated and 
weeks age and inoculated year later. Another group twenty-five mice 
castrated months age was inoculated months later. The control group 
fifteen mice about the same age was inoculated with the same tumor. The 
results are shown Text-fig. 


Experiment 
and 


Inoc. after Inoc. mos. after 


ot 


Immune 13.3% 
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Experiment 4.—Eighteen mice, male and female, were castrated months 
age and inoculated with group control animals week after the operation. 
The castrated animals gave 83.4 per cent takes and the controls 88.9 per cent, 
difference which would well within the normal variation the tumor. 


The figures from these four experiments show conclusively that 
prepuberty castration results definite increased resistance the 
mice tumors implanted later life (Table I). This phenomenon 
evident months after the operation but more pronounced the 


TABLE 


Percentage Immunes. 


No. 
per per per per per 
cent | cent | cent | cent | cent 
Males castrated 3-4 wks. age............... 63.6 
“ “ “ “ 6 mos. “ 40.0} 
Males and females castrated mos. age...... 16.6 


and month period. Even the animals castrated months 
age and implanted with tumor months later show distinct increase 
over the normal refractiveness but this not true castrated adults 
inoculated week after gonadectomy. There seems difference 
between the reaction the females removal the ovaries and the 
males removal the testicles. 


DISCUSSION. 


The susceptibility resistance certain physical types man 
disease was one time much discussed medical text-books but 
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with the discovery bacteria and their relationship infections this 
older conception was lost sight of. recent years the study the 
glands internal secretion has revealed that the various physical 
types within any given race man are largely dependent the inter- 
action this complex system. Not only this, but the reaction 
disease also influenced. example, individuals with status 
thymicolymphaticus are highly susceptible acute infections and 
resistant the development malignant Recently 
has collected considerable material correlating physical types with 
susceptibility certain other disease conditions. 

Prepuberty castration has profound effect the development 
the individual. The variations from the normal are not confined 
the more less superficial secondary sex characters but extend even 
the development the bony structures. should not sur- 
prising that such altered individuals show variations from the normal 
their response disease processes. Such variation evident 
the increased resistance transplanted cancer and the lessened 
incident the spontaneous disease exhibited mice castrated before 
puberty early life. 


SUMMARY. 


Male and female mice castrated during the first weeks life and 
implanted with cancer later periods show resistance 
higher intact animals the same age. This increased re- 
fractiveness evident months after the operation but more 
pronounced months year. Even castration early adult life 
seems increase the refractory state later cancer inoculation. 
the other hand, adult mice inoculated within week after castra- 
tion show slight any evidence increased resistance. 


Bartel, J., Status thymicolymphaticus und Status hypoplasticus, Leipsic and 
Vienna, 1912. 


G., Human constitution, Philadelphia, 1924. 
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EFFECTS OBSCURE LESIONS ORGAN WEIGHTS 
APPARENTLY NORMAL RABBITS. 


WADE BROWN, M.D., LOUISE PEARCE, M.D., CHESTER VAN 
ALLEN, M.D. 


(From the Laboratories The Rockefeller Institute for Research.) 
(Received for publication, June 1925.) 


The results series weight determinations group 350 
male rabbits have been reported previous paper (1). All these 
animals were apparently good health and free from any external 
evidence disease, but postmortem examination was found that 
many them showed active healed lesions some kind. The 
presence unsuspected lesions places these latter animals class 
intermediate between those that are normal clinically and pathologi- 
cally and animals that show obvious signs and symptoms disease. 

The frequency with which gross lesions various kinds may 
encountered apparently normal rabbits, and the effects obscure 
disease processes the weights organs are subjects considerable 
importance, and the purpose the present paper report briefly 
the conditions that were found and the results comparison organ 
weights those animals the group that were normal clinically and 
pathologically and those that showed gross lesions autopsy. 


Methods and 


detailed description the material which this report based 
and the methods employed will found the first report (1). 

The presentation data bearing weight relationships will follow 
the form used the previous paper with the omission distribution 
curves, the number animals some the subgroups too small 
justify the use distribution curves. 


Classification Animals and Incidence Lesions. 


the basis postmortem findings, the rabbits this series (350) 
may divided into four groups: (1) animals showing gross lesions 
163 
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other evidence disease, (2) those with few very slight lesions 
affecting not more than one organ tissue, (3) animals with slight 
lesions several organs moderate lesions one more organs, 
(4) animals with marked lesions one more organs. For conveni- 
ence, these groups may designated normal absolute normal, 
slight, moderate, and marked, Groups and 

The distribution the 350 rabbits was follows: 


Group. No. rabbits. Per cent. 

207 59.1 

20.3 

10.3 

10.3 


Nature Lesions. 


detailed description the lesions noted and their distribution 
among the four groups animals will not given this time. 
seems sufficient say that the conditions encountered with greatest 
frequency were: 


Coccidiosis the liver, active animals. 


The majority the lesions the aorta occurred the first 100 rabbits and 
most them were comparatively slight degenerations. Subsequently only 
marked lesions were recorded. 


Other conditions that were noted include focal infection the lungs 
infection the liver, small encapsulated abscesses the 
tissues and the deeper tissues the neck, coccidial 
cysts the subcutaneous tissues the umbilical region, cysts the 
thyroid and parathyroids (several cases), hydrocephalus, healed frac- 
tures, and adenoma the left kidney. 
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With the exception the sinus and middle ear infections, the great 
majority the lesions were either inactive healed and none 
these animals was the infection sufficiently active cause nasal 
discharge disturbance coordination. For example, among the 
rabbits with coccidiosis the liver, there were only with fresh 
lesions; these were slight lesions seen), moderate, and 
marked. Scarring was the only condition noted cases. 
these the lesions were slight, moderate, and marked. 
the case the kidneys the difference was even greater. Scarring was 
the principle lesion the rabbits, while showed definite 
acute nephritis, one slight and the other marked. Among the ani- 
mals with scarred kidneys, there were which the lesions were 
classed slight, moderate, and marked. 

The three conditions responsible for nearly all lesions classed 
moderate marked were coccidiosis the liver, renal abnormalities, 
and infections the cranial sinuses, middle ear, and mastoids. 


Results Weight Determinations. 


The results the weight determinations for the entire series 
rabbits and for each the four subgroups are given The 
combined results come first, with the subgroups following regular 
numerical order; the values for actual weights precede those for weights 
per kilo net body weight (relative weight). comparing actual 
weights organs and coefficients variation, one should note the 
order magnitude mean body weights and the coefficients 
variation for body weight these factors affect the actual weights and 
the coefficients those organs whose weights are most affected 
body weight (1). 


DISCUSSION. 


considering the results recorded Table the first point 
which attention may directed the frequency with which active 
heaed lesions were encountered. The incidence gross lesions 
this series rabbits was almost exactly per cent; from what 
known concerning the occurrence microscopic lesions such organs 
the brain (2, and heart (4), not unlikely that microscopic 
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examination tissues from all organs would show material increase 
the percentage animals with lesions some kind. 

obvious, therefore, that the apparent state health and the 
presence absence lesions not run parallel. this series 350 
rabbits there were rabbits (20 per cent) with moderate marked 
lesions, but these animals were apparently vigorous and healthy 
those that were entirely free from any gross evidence disease. This 
situation might have been altered more prolonged period obser- 
vation. This especially true those animals with sinus middle 
ear infections, acute coccidiosis, and acute nephritis these conditions 
are not infrequently accompanied signs symptoms disease. 
fact, diseases accompanied lesions less extensive than many 
those seen animals this series frequently cause severe sympto- 
matic disturbances even death. Strictly speaking, therefore, 
the physical condition animal index the effects disease 
the manner which animal reacts infections various 
types rather than the probable presence absence disease 
processes. 

There is, however, remarkably close numerical relation between 
the extent the lesions found this group animals and the resist- 
ance ordinarily displayed rabbits. For example, the number 
animals found normal, nearly so, (Groups and was 
278, while only (Groups and showed any considerable degree 
abnormality. That is, approximately per cent (79.42 per cent), 
four out every five rabbits, were practically free from gross evi- 
dence disease, while one five (20.56 per cent) showed evidence 
serious affection, and only one ten (Group 10.28 per cent) 
disease marked severity. These figures agree almost exactly with 
repeated observations the resistance rabbits various experi- 
mentally induced diseases well toxic agents many kinds. 
stated (5), the resistance ratio rabbits, high: intermediate: 
low, approximately 1:3:1, while one animal every ten may 
expected display resistance very low order. 

Similar conditions obtain the case organ weights. 
tion the data Table shows that the differences the weights 
organs rabbits with gross lesions, lesions that were slight, 
moderate, marked, are very small and that the figures for the sub- 
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groups are comparable those for the entire series; many instances 
the agreement almost absolute and all cases the values are within 
the limits error for any one the four groups. 

Still, one can detect definite relation between the results obtained 
and the pathological status the animal. This may brought about 
consideration the relative magnitude mean weights per kilo 
net body weight and the corresponding coefficients variation. 
Thus, the distribution largest and smallest mean weights and 


the largest and smallest coefficients variation according groups 
follows (Table II): 


TABLE 
Distribution Maximum and Minimum Mean Weights and Coefficients Variation 
According Groups. 
Mean weight. Coefficient. 


Organ. 


Maximum. Minimum. Maximum. Minimum. 


Thyroid 


From this tabulation, once apparent that there close 
parallelism between the values obtained for the endocrine glands and 
disease processes. With single exception, the heaviest organs and 
the greatest variation weight occur animals with the most marked 
lesions, while the smallest organs and the greatest constancy are found 
animals with slight lesions. The one striking exception this rule 
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the case that organ the group the weight which probably 
least reliable; namely, the pineal gland. 

The relation between weights and lesions less obvious the case 
other organs. ‘The coefficients variation follow the same order 
for the endocrine glands but the case mean weights the rela- 
tion appears reversed. most instances, the largest weights are 
found animals with few lesions (Groups and 2), while the 
small weights occur animals with moderate marked lesions 
(Groups and 4); general, the reverse true for coefficients 
variation. 

The exceptions this general tendency are susceptible various 
explanations. some instances, the organs concerned are either the 
seat lesions are directly affected disease processes. This 
applies particularly the liver, the kidneys, the spleen, and the deep 
cervical lymph nodes. The weights both the liver and the kidneys 
may greatly increased diminished but the probable end-result 
somewhat different the two cases. Active coccidiosis usually 
increases the weight the liver and the same true for active acute 
infections the kidneys. the other hand, scarring the liver 
from coccidiosis tends diminish the weight, while the case the 
kidneys the effect chronic disease not infrequently the opposite 
direction, that the weights scarred kidneys may greatly 
increased (see maximum and minimum values, Table I). like 
manner, the spleen apt enlarged animals with abdominal 
disease, while the deep cervical lymph nodes show similar response 
infections the cranial sinuses. 

the case the heart and brain, the occurrence the smallest 
weights normal animals what might expected organs that 
are not known play active part the general reaction disease. 
Still, both these organs conform the general tendency other re- 
spects and, matter fact, this one discrepancy more apparent 
than real the differences between the mean weights the heart and 
brain for animals Groups and are small that Group might 
well substituted for Group the column smallest weights. 

Another interesting condition that brought out this arrange- 
ment organ weights and coefficients (Table IT) the divergent tend- 
ency superficial and deep lymph nodes. our experience, these 
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two groups lymph nodes rarely behave alike, and this true the 
present instance. The superficial lymph nodes, popliteals and axil- 
laries, are the only organs whose weights were most constant 
strictly normal animals, while the deep lymph nodes, mesenterics and 
deep cervicals, showed the greatest irregularity the same class 
animals. The superficial nodes are extremely sensitive their 
reaction infection, and not surprising find the most constant 
weights normal animals, but the deep cervical and mesenteric 
lymph nodes appear influenced more local than systemic 
conditions conditions other than those that affect the superficial 
nodes. 

The thymus, mesenteric lymph nodes, and the liver have the distinc- 
tion being the only organs with weights largest normal animals, 
finding which may attributed conditions affecting alimentation 
general nutrition these three organs are peculiarly susceptible 
such influences. 

Our object directing attention these details mass relation- 
ships merely show that, spite the small numerical differences 
between the values obtained for the weights organs different 
groups animals, there distinct suggestion correlation between 
obscure disease processes and the weights many not all the 
organs the body. The material which this study based not 
sufficient enable one define the relation exact terms even 
say with certainty that definite relation exists. The number 
animals Groups and probably sufficient indicate what may 
expected the case rabbits that are normal nearly so; the 
uncertainty attached animals with moderate marked lesions. 
But more material now available, and when this has been analyzed 
will able speak with greater assurance. Meantime, the evi- 
dence that has been presented sufficiently definite warrant certain 
tentative conclusions. 

the first place, would appear that estimating the weights 
organs large groups supposedly normal rabbits the results are 
not materially disturbed the inclusion animals with slight 
even with moderate lesions and are not greatly affected animals 
with marked lesions. general, may said that long the 
health and vigor the animal remains unimpaired, the presence 
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lesions not associated with quantitative changes the weights 
organs that are sufficiently large any statistical significance. 

Possible exception may made the case organs that are them- 
selves the seat disease, such the kidneys and liver, and those 
organs which, reason their position function, are directly 
affected the disease processes, the case the spleen and the 
deep cervical lymph nodes; but, even these cases, the changes 
mean values are relatively small long deal with groups 
considerable size. Extreme changes may encountered individual 
animals but changes one direction are apt counterbalanced 
those the opposite direction, that irregularity variability 
becomes the outstanding feature when mean values are compared with 
those for normal slightly abnormal animals. 

This situation striking contrast with conditions that are found 
when diseases the same nature have progressed the point 
clinical recognition. not surprising, therefore, find sugges- 
tion differences the weights organs such are found cases 
outspoken The organs which such changes are most 
apparent are not those directly affected the disease but are organs 
which are chiefly concerned with processes animal economy 
the reaction disease, especially the organs internal secretion and 
the lymphoid tissues. The tendency these organs undergo 
changes weight, which vary according the lesions present, 
strongly suggestive functional response the part these 
organs. 

this connection, Group composed animals with minor lesions, 
especial interest the animals this group gave the most con- 
sistent results; the weights organs were either very large very 
small but either case there was less variation weight than any 
other group. This suggests that the presence some slight lesion 
focus infection may serve stimulus and the same time 
regulate functional activity such way maintain the weights 
organs near the normal level and within limits that are 


The results observations made group animals with clinically recog- 
nizable diseases origin will reported subsequent paper. 
Reference conditions that are found such animals are the results 
this study. 
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even narrower than those normal rabbits. This suggestion 
strengthened the reversal these conditions animals with more 
extensive lesions. 

CONCLUSIONS. 


would appear that, rabbits, any departure from the normal 
gives rise some change the mass and mass relationships organs 
and the tendency variation. These changes follow regular order 
depending upon the degree abnormality, but the magnitude the 
change such order that barely perceptible until the abnor- 
mality sufficiently pronounced recognized signs and symp- 
toms disease physical deterioration. apparently healthy 
and vigorous rabbits only those with extensive lesions show differences 
the mean weights organs, when compared with the normal, 
that are any material significance from statistical point view; 
but all changes are importance from the point view the reac- 
tion disease. 

SUMMARY. 


group 350 normal rabbits was studied with reference the 
occurrence obscure lesions various kinds and the probable 
possible effect such lesions disease processes organ weights. 
The results the investigation are presented the form compara- 
tive tabulations. 

was found that long the animals remained apparently 
good health the values obtained for organ weights animals with 
lesions did not differ materially from those for animals that were 
entirely free from lesions. There were, however, slight deviations 
from the normal which appeared significant that they sug- 
gested functional response similar character the more marked 
changes mass and mass relationships that occur rabbits present- 
ing clinical symptoms disease due the same causes. 
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THE INFLUENCE THE AUTONOMIC NERVOUS SYSTEM 
THE FUNCTION THE THYROID GLAND.* 


(From the Pharmacology Department Edinburgh University, Edinburgh, Scotland.) 


(Received for publication, May 13, 1925.) 


The mechanism the control the function the thyroid gland 
subject great interest both from physiological point view 
and also because the part may play the pathological changes 
which frequently take place this gland. The studies Anders- 
son (1), Berkley (2), and Rhinehart (3) the anatomy the thyroid 
have shown that nerves pass the gland from the superior and recur- 
rent laryngeal nerves and also from the cervical sympathetic cord 
way the thyroid arteries. still doubtful whether the fibers 
the laryngeal nerves are vagal sympathetic origin. Within 
the gland many the fibers end the terminal vessels but others 
are distributed the walls the vesicles where they end the base 
the gland cells. The fact that nerve fibers pass the secretory 
cells has led the supposition that the thyroid like other glands, such 
the salivary glands, under nerve control. Attempts have been 
made settle this question histological, physiological, and chemical 
studies. 


Histological the gland cells supposed indicate active 
secretion have been described some investigators following the injection 
pilocarpine (4, and adrenalin (6), while others obtained negative results 
similar experiments (6, 7). Division the laryngeal nerves (8) the cervical 
sympathetic (9) has been reported cause degeneration the gland. This 
action the case the nerves first mentioned has been also attributed 
hyperemia (10) section sympathetic fibers (11). Stimulation the 
cervical sympathetic from time time over period months has been 


The expenses this research were defrayed grant from the Earl 
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stated cause changes indicative increased activity, while the opposite effect 
followed excision the cervical sympathetic (12, 13). Later workers have been 
unable confirm this (14). Stimulation the superio. cervical ganglion in- 
jecting bronchisepticus into has been reported producing either thyroid 
hyperactivity exhaustion according the duration the stimulus (15), and 
degenerative lesions have been described the cervical ganglia cases ex- 
ophthalmic goiter (16). histological difference could detected between 
graft thyroid which nerve control was absent and the part the gland 
which remained after partial thyroidectomy (17-19). 

Physiological the laryngeal nerves injection 
thyroid extract has been described causing increase the activity the 
depressor nerve (20), the splanchnic nerve (21), and the vagus (22), and in- 
creased response injections adrenalin (20, 23). Other investigators have been 
unable confirm these findings (24-26). Stimulation the cervical sympathetic 
has been stated cause increased response adrenalin after latent period 
hour. Previous thyroidectomy prevented the action but adrenalectomy did 
not alter the response (27). However, increased excitability the autonomic 
nervous system thyroidectomised animals was found others follow re- 
peated injections constant dose adrenalin (28). Cannon and Smith 
described increase rate the denervated heart after massage the thyroid 
stimulation the cervical sympathetic, which they considered both instances 
was due the discharge thyroid secretion difference electric poten- 
tial the gland has been shown after stimulation the cervical sympathetic, the 
injection adrenalin, splanchnic stimulation, which was absent when other 
nerves were stimulated anemia the gland produced (30, 31). Cannon, Binger, 
and Fitz (32) utilising method phrenic-cervical sympathetic anastomosis 
devised Langley and Anderson (33) reported that this caused symptoms re- 
sembling exophthalmic goiter. This work has not since been confirmed the 
workers mentioned others (34-36). Marine found change the func- 
tioning capacity the gland after sectioning the nerves running the adventitial 
coats the vessels and encasing the gland paraffin (37). 

Chemical the inferior cervical ganglion has been re- 
ported cause loss weight and reduction the iodine content while section 
the vagus was without effect (11). Stimulation the superior thyroid vessels 
with their accompanying nerves the vagosympathetic trunk has been said 
cause similar effect (38, 39), but van Dyke could find greater variations than 
those normally present (40). 


the present series experiments the influence the histology 
the thyroid gland section stimulation either singly combined 
the various nerves which pass the thyroid gland has been investi- 
gated. preliminary studied the histology the thyroid 
normal animals and every case the microscopic appearance the 
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two lobes the same animal was found identical was decided 
use one lobe for the experiment and the other control. 


Only male rabbits were used and for short period before the experiment was 
commenced they were given diet consisting raw cabbage which was con- 
tinued throughout the time the experiment was progress. the survival 
experiments the preparatory technique each operation was the same. The 
animal was anesthetised with ether, the neck shaved, and alcohol used an- 
tiseptic. was strictly avoided during the operation and carefully 
guarded against the possibility the animal obtaining any iodine supply while 
under observation. The animals were killed varying intervals time. When 
the time came was anesthetised with chloretone and exsanguinated. had 
previously compared the histology normal animals treated with that 
similar animals which had been killed blow the occiput, and were unable 
detect any alterations due this anesthetic. the experiments which the 
various nerves were stimulated the animals were similarly anesthetised with 
chloretone. The nerves were isolated, placed platinum electrodes, and kept 
moist throughout the experiment. Instantaneous faradic stimuli were applied 
the nerve the rate per minute means metronome connected with 
induction coil. The criterion the efficacy the stimulation the case the 
sympathetic was dilatation the pupil following stimulation, while stimulation 
the vagus gave rise twitching the larynx and pharynx that side. all the 
sympathetic experiments and many the vagal experiments artificial respiration 
was employed. The tracheotomy tube was inserted low the neck and damage 
the thyroid veins was carefully avoided. The animal was exsanguinated after 
the experiment was completed. The tissues examined were immediately 
fixed with Miiller’s fluid which had been added per cent formalin and the 
sections were stained with Weigert’s iron-hematoxylin and eosin. Occasionally 
neither lobe was uniform structure and these cases compared average 
fields from both lobes. Infection was rare these experiments but when 
occurred the result was discarded. 


The Normal Thyroid the Rabbit. 


number experiments were performed study the normal 
histology the gland the rabbit under conditions similar those 
which prevailed during our experiments. The striking feature these 
observations was the marked differences which were seen different 
rabbits although all the animals the histological picture was the 
same both lobes. All these observations were made the same 
period the year that seasonal variation could not explain the 
differences. detailed protocols are given 
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descriptions given the tables the experiments correspond the 
pictures seen the normal thyroid. The figures shown also illustrate 
well the type variation which was found. some animals the 
acini were large and filled with colloid which stained well (Fig. 1), 
while others the acini were very small and contained much less 
colloid (Fig. 2). There was often good deal irregularity both 
the size and shape the vesicles, and the staining power the colloid 
also varied. The cells the largest acini were usually flat, while 
the others they were cuboidal, but cylindrical cells were never seen. 
Some thyroids showed very marked vacuolation the colloid, whereas 
others this was completely absent. Epithelial cells were often 
seen small clumps the intervesicular tissue. This was present 
frequently that seems part the normal picture the 
thyroid the rabbit. few instances small cellular uns 
into the lumen some the vesicles were seen. Intermediate 


pictures between these two extremes were seen most frequently 
(Fig. 3). 


The Effect Drugs. 


Before fully realized the marked individual differences the 
thyroid normal rabbits endeavored study the function the 
gland repeated injections adrenalin, pilocarpine, and strychnine. 
The pictures which were obtained varied and were within the range 
those seen the normal gland. was seen that this method 
studying the problem could lead conclusive results and that the 
only method which results could obtained was carry out the 
experiment one lobe and use the other control. 


The Effect Nerve Division. 


Three experiments were which the right vagus was 
divided above the level which the superior laryngeal nerve given 
off, and three which the right sympathetic cord was divided low 
the neck possible. two other experiments the right sympa- 
thetic cord, the right recurrent laryngeal nerve, and the depressor 
nerve were cut, was thought that some sympathetic fibers 
might gain access the thyroid way the recurrent laryngeal. 
Finally one experiment was carried out which the right vagus, the 
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superior laryngeal nerve, and the right sympathetic cord were 
divided. The animals were killed intervals varying from 
days. the experiments and the histological pictures 
seen the two lobes are The results obtained from 
these experiments were entirely negative, every instance the 
histological appearance the two lobes was the same. 


The Effect Nerve Stimulation. 


four experiments the right stellate ganglion was exposed poste- 
riorly Sherrington’s rib resection method. The sympathetic cord 
below the ganglion and the cardiac branches from the ganglion were 
divided and stimulation was applied the cord immediately above 
the ganglion. Three experiments were carried out which the right 
sympathetic cord was cut low the neck possible and stimulated 
atthis point. two instances the right vagus was divided above the 
superior laryngeal nerve and again below the level which the 
recurrent laryngeal nerve given off. The electrodes were applied 
the nerve the junction the superior laryngeal and the main 
trunk. Two further experiments were performed which the vagus 
was divided above and below the origin the superior laryngeal 
nerve while the recurrent laryngeal nerve was also divided. Both 
nerves were then stimulated. Stimulation was maintained for 
periods varying from hours. alteration the micro- 
scopic appearance could observed between the lobe which had 
been stimulated and the control lobe (Table 


DISCUSSION. 


the experiments which have been carried out have 
been unable find any histological difference the thyroid gland 
either from cutting off the nerve supply from nerve stimulation. 
fully realize that histological study not the ideal method for in- 
vestigating the functions organ, but think that this method 
more useful the case the thyroid gland than with most organs 
the body because very slight morphological changes can de- 
tected and, Marine and his coworkers (41, 42) have shown, thereis 
close relation between the histological structure and the iodine con- 
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tent the gland. Our experiments have clearly demonstrated the 
marked variations which are present the microscopic picture the 
normal thyroid gland different rabbits. This difference was seen 
mostly the size and shape the vesicles, the quantity and staining 
power the colloid, and the amount vacuolation. This individual 
variation the microscopic appearance the thyroid gland had been 
noted 1888 Hale White (43) material obtained from 
autopsies patients who during life had shown signs thyroid 
disease, and other observers have reported similar findings the 
course experimental work. This variable histological picture seems 
results. The histological evidence which 
forward support the secretory innervation the thyroid has been 
based principally the structure the particular lobe which was 
examined and not comparison the two lobes the same 
animal. view the marked individual differences which are 
present normally this evidence cannot accepted leading any 
definite conclusions. This same criterion applies experiments 
which the gland was studied histologically after drug injection. The 
results stimulation the sympathetic over period months 
reported Reinhard are quite variance with his interpretation. 
considered that they indicated hyperactivity, whereas the histo- 
logical picture tended towards that colloid rather than hyper- 
active gland. Excision the cervical sympathetic has been fre- 
quently performed for the relief exophthalmos exophthalmic 
goiter but with few exceptions change has been reported either 
the exophthalmos the thyroid. 

The evidence altered excitability the autonomic nervous 
system following injection thyroid extracts stimulation the 
cervical sympathetic also cannot held proof increased 
outpouring thyroid secretion after nerve stimulation, similar 
experiments Sharpey-Schafer and Dryerre which thyroid ex- 
tracts were injected gave entirely negative results. The experiments 
Lieb and Hyman showed gradual increase the excitability 
autonomic nerves following repeated injection constant small 
dose adrenalin after thyroidectomy and throw considerable doubt 
the experiments which adrenalin was used test this ex- 
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The parallelism which Cannon and Smith draw between 
the action the denervated heart massage the thyroid and 
sympathetic stimulation does not necessarily prove that the nervous 
impulses caused increased outpouring secretion. Even one 
grants that thyroid secretion can alter the rate the denervated 
heart seems possible that the effect the intermittent stimulation 
the thyroid was produce alternate contraction and dilatation 
the vessels which was reality massage. Complete anemia 
the gland for the period the experiment could not suitable con- 
trol for experiments when intermittent stimulation was used. This 
massaging action might explain also the alteration the iodine con- 
tent lobe following stimulation the sympathetic although all 
authors not agree that this difference exists. The experiments 
which have been carried out Cannon and his coworkers the 
production “action the thyroid gland indicating 
active secretion are interesting but seems that the state 
knowledge regard the physiological significance “action cur- 
rents” unsatisfactory that definite conclusions can drawn 
present from experiments this nature. The studies which have 
been made the changes which take place thyroid grafts 
various parts the body show conclusively that nerve control not 
essential the adequate functioning the thyroid gland, therefore 
any influence which nerves can have only accessory nature. 
present one must decide that although the thyroid undoubtedly 
supplied nerves there conclusive evidence their 
function. 


CONCLUSIONS. 


There marked individual variation the histological structure 
the thyroid gland rabbits examined the same season under 
standard conditions. Although the microscopic appearance varies 
different rabbits, the structure the two lobes the does 
not differ. The variations are seen principally the size and shape 
the vesicles and the quantity and character the colloid. 

With one lobe control histological changes the other 
lobe have been observed following section stimulation either the 
cervical sympathetic the vagus and its branches. 
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EXPLANATION PLATE 


Fic. Experiment 19. Right vagus and right recurrent laryngeal nerves 
stimulated for hour; stimuli per minute. 

Fic. Experiment Right sympathetic cord divided low neck; killed 
weeks later. 

Fic. Experiment 11. Right stellate ganglion stimulated for hour; 
stimuli per minute. 
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Left lobe. 


Right lobe. 
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THE HISTOLOGICAL CHANGES THE THYROID GLAND 
THE RABBIT FOLLOWING 


(From the Pharmacology Department Edinburgh University, Edinburgh, Scotland.) 


PLATE 
(Received for publication, May 13, 1925.) 


Since the observations reported Reverdin and Reverdin (1) and Kocher 
(2) that total thyroidectomy produced symptoms operative myxedema 
cachexia strumipriva many observers have studied the effect total and partial 
thyroidectomy animals. Wagner (3) performed lobectomy dog and 
cat and stated that the remaining lobe increased size. Fuhr (4), who removed 
the remaining lobe from days after the first operation, was unable con- 
firm this, but Horsley (5) found that after removal one lobe the other may 
four five times its normal size 160 days later. The cells the hypertrophied 
lobe were increased size and there was plication the acinus wall while the 


colloid became less solid. Von Eiselsberg (6) removed one lobe and 


later removed the other, but says found naked eye appearance hyper- 
trophy. two cases which the remaining lobe was not removed till and 
115 days after the first lobe had been excised states that got evidence 
hypertrophy. (7) carried out very extensive series investigations 
hypertrophy the thyroid following partial thyroidectomy. Most these 
experiments were piecemeal nature, the amount thyroid tissue being 
gradually reduced successive operations. He, however, carried out number 
experiments which one lobe was excised and the other examined periods 
varying from hours 132 days. change was observed rule before the 
22nd day, after which all the glands examined were abnormal. Previous this 
only four experiments was there evidence early hyperplasia. one these 
the hyperplasia was seen after days, another after days, and two others 
after days. The histological changes which indicated hypertrophy were, increase 
size the epithelium, cellular involution into the vesicles, and thin vacuolated 
colloid. changes which were observed these experiments seemed bear 
relation the quantity tissue removed. later communication Hal- 
sted (8) states that repeated these experiments under strictly antiseptic pre- 


cautions two dogs and got negative results. Under his direction Hunnicutt (9) 


The expenses this research were defrayed grant from the Earl 
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carried out further series experiments and found evidence hypertrophy. 
most, although not all, these experiments iodine had, however, been used 
skin antiseptic. Marine and his coworkers (10) confirmed Halsted’s original 
work and found that there was definite relation between iodine content and 
hypertrophy. They also showed that iodine administration could prevent 
hypertrophy taking place and also cause reversion hypertrophied gland 
one colloid type. view Hunnicutt’s findings Marine repeated his 
earlier work but obtained the same results before. thinks that the negative 
results were due traces iodine (11). Loeb (12) performed series experi- 
ments guinea pigs which excised one lobe and studied the histological 
changes the other periods varying from days months. found 
evidence definite hypertrophy, but changes were present, especially the later 
stages which thought represented the early stages hypertrophy. 


The present investigation was undertaken with view studying 
the influence which the innervation the thyroid played the 
changes which took place the gland following lobectomy. The 
effects hemithyroidectomy the remaining lobe were first studied. 
Experiments were then performed which the same procedure was 
adopted and addition the different nerves the remaining lobe 
were divided. The right lobe was excised every instance. all 
these experiments only male rabbits were used and the rabbits were 
kept diet raw cabbage for short time before the experiment 
and throughout the period observation. The operative technique 
was similar that described companion paper, particular care 
being taken avoid the animals obtaining supply iodine either 
the operation during the experiment. The operations were 
performed under ether anesthesia. All the wounds healed without 
suppuration. The animals were killed varying intervals time 
following the operation and the tissues were fixed and stained 
described our other paper. 

Although operative interference the region the neck had been 
demonstrated previous experiments not give rise changes 
the thyroid gland was thought wise perform control experiment 
which only small portion the thyroid gland was removed, 
order see whether interference with the thyroid itself altered the 
histological picture. The animal was killed days later but 
histological difference could detected between the two lobes, 
marked contrast the changes observed the end the same period 
the experiments described below. 
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The Effect Excision the Right Lobe the Histology the Left Lobe. 


This series consisted five experiments and the animals were 
killed periods varying from days months after the operation. 
The structure the lobe removed operation was compared with 
that the lobe removed the completion the experiment, and 
the findings are described Table The microscopic appearance 
the normal lobe varied different animals manner similar that 
described our other paper. These experiments showed that lobec- 
tomy was followed series histological changes the remaining 
lobes. days after the removal the right lobe the vesicles the 
left lobe were slightly increased size, its colloid more vacuolated, 
and the epithelial cells slightly larger. After days the vesicles were 
increased size and contained more colloid which stained moderately 
well and was not vacuolated the end days the vesicles 
were distended with deeply staining colloid and the glandular cells 
tended flattened (Fig. 2). After the lapse months the 
histological picture the left lobe resembled that the lobe pre- 
viously removed. The vesicles were longer distended with colloid 
but some cases contained less than those the right lobe while the 
glandular cells were cuboidal and somewhat larger (Fig. re- 
maining lobe had increased weight and this was presumably due 
increase the number vesicles. 


The Effect Nerve Division the Histological Changes after Lobectomy. 


This series consisted five experiments which right hemi- 
thyroidectomy was performed and the same time various nerves 
the left side divided. three experiments the left vagus was divided 
above the origin the superior laryngeal nerve, while the remaining 
two, the left sympathetic cord was cut low the neck possible. 
The rabbits were killed periods varying from days months 
and the histological changes which took place are shown Table 
which gives the protocols the experiments. 
appearance, both the experiments which the vagus was cut and 
those which the sympathetic had been divided, was similar 
every respect that seen corresponding time when the nerves 
were intact. 


TABLE 
Vesicles. 
* Time killed Weight Weight 
Right Left. Right. Left. 
days gm. gm. 
1450 Smalland Slightly larger. Regular. Same. 
lar. 
regular. 
regular. 
1620 Irregular; Same. Large, irregu- 
many large. lar. 
1400 1240 |Medium and Regular. 
regular. 
TABLE 
Vescicles. 
. Time killed Weigh Weigh 
operation. operation. killed. 
Right. Left. Right. Left. 
Left vagus divided 
days | gm, gm, 
large. regular. 
1970 1750 most Muchsmaller. Regular. Slightly irreg- 
very large. ular. 
120 1600 2000 Medium. Same. Same. 
Left sympathetic cord 
2050 Small. Very large. Regular. Irregular. 
120 1920 2100 few Same. Same. 
dium. 
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Colloid. 
Vacuolation. Cells. Cellular involution. 
Amount. Staining. 
ight. Left. Right. Left. Right. Left. Right. Left. 


Absent. 


increas- ed. larger. 
ed. 
ed. 
der- |Muchin-| Good. Darker. Moder- Increased. Flat. 
creased. ate. 
fainter. nar. points 
vesicles; there was 
others slight cell 
cuboidal. involution 
cles. 
Same. Slight. Same. Cuboidal. Slightly Absent. Absent. 
larger. 
Colloid. 
Amount. Staining. 


above superior laryngeal. 


Cuboid- Flat. Ab- Ab- 


Marked in- 


ed. al. sent. sent. spiratory 
stridor. 
large al. 
vacu- 
oles. 
ed. 
divided low neck. 
all. Large. Faint. Slight. Slightly Flat. Ab- Ab- lobe 
in- al. sent. showed 
creas- cellular 
ed. projections 
into some 
vesicles. 
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DISCUSSION. 


The fact that signs hyperplasia are present the remaining lobe 
months after one lobe has been removed has been frequently ob- 
served, but the change which observed during the first weeks has 
not been reported other authors. Few observations have been 
made, however, early date after lobectomy, most investigators 
have been interested compensatory hypertrophy the gland and 
not the early changes. Therefore they did not remove the second 
lobe until long time after lobectomy had been performed. The 
changes which took place this time are not easy explain. 
not think that they were due the animals having obtained supply 
iodine, carefully avoided this possibility both during and after 
the operation. They also not appear reaction operation 
the neck since such changes were not present series experi- 
ments which performed which the nerves only were divided, 
nor the control experiment which only portion one lobe was 
removed. The fact that days after the operation the remaining 
lobe showed slight increase size the vesicles with more marked 
vacuolation the colloid and slight increase size the cells 
lining the vesicles probably indicated increase activity. The 
appearance the gland the end week was similar that 
colloid gland, which Marine considers the resting state the 
thyroid following hyperactivity and the nearest approach normal 
which can take place gland which has been hyperactive. 
studies basal metabolism were made which would indicate there 
had been primary state hyperactivity followed resting state. 
The iodine content was not estimated that cannot say definitely 
that the glands the end days were true colloid nature. 
would, therefore, impossible venture definite explanation. 
consider possible, however, that the sudden demand the 
thyroid resulting from hemithyroidectomy has caused the thyroid cells 
hyperfunction. the end days, the demand having been 
satisfied, has assumed resting stage. Thereafter compensatory 
hypertrophy has gradually become established increase the 
number vesicles with resumption the normal histological 
picture. 


~ 
= 
a 
“a 


HAMILTON CRAWFORD AND HARTLEY 199 


The changes which occurred were uninfluenced division the 
nerves which pass the remaining lobe that the experiments lend 
support the view that the function the thyroid controlled 
nervous influences. 


CONCLUSIONS. 


series rabbits the changes which took place the his- 
tology the left lobe the thyroid gland after excision the right 
lobe have been studied varied intervals time. days after the 
removal one lobe the other lobe showed slightly increased colloid 
content, increased vacuolation the colloid, and slight increase 
the size the epithelial cells. the end week the vesicles 
were greatly increased size, distended with colloid, and the epithelial 
cells were flattened, while after months signs compensatory 
hypertrophy were present. 

The changes observed were uninfluenced division the vagus 
cervical sympathetic. 
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EXPLANATION PLATE 


Fic. Experiment lobe excised; left lobe days later. 
Fic. Experiment 23. Right lobe excised; left lobe days later. 
Fic. Experiment 24. Right lobe excised; left lobe days later. 
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THE FUNCTION MACROPHAGES LOCAL RESIST- 
ANCE BACTERIAL INFECTIONS. 


WARO NAKAHARA, D.M.Sc. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, May 14, 1925.) 


That intraperitoneal intrapleural injections fatty oil bring 
about marked mononuclear exudation well established 
Although the large mononuclear cells which predominate the 
cellular population the exudate were once considered the 
lymphoid series, closer study means supravital technique has 
demonstrated them macrophages (clasmatocytes and mono- 


Metschnikoff* early distinguished the large mononuclear phagocyte under the 
name macrophage from the polymorphonuclear leucocyte (microphage) the 
ground that does not phagocytize bacteria, except for the tubercle bacillus and 
the bacillus leprosy, and engulfs only cellular débris. This conception has long 
since been found erroneous, and the phagocytic action macrophages upon 
bacteria general, addition that upon pigments, foreign particles, etc., 
now generally accepted fact. Furthermore, there are some indications point- 
ing the active réle macrophages defensive processes, not only against 
chronic infections, but also against acute phenomena Gay and 
only recently showed that certain streptococcus infection macrophages 
(clasmatocytes), with the exclusion polymorphonuclear cells, are active agents 
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resistance. They noted that the reaction effective immunity 
acterized predominance macrophages the exudate, while polymorpho- 
nuclear reaction was invariably accompaniment fatal infection. 
was presented also that animals which rich polymorphonuclear exudate was 
produced means aleuronat, diatomaceous earth, etc., were actually less 
resistant than normal animals, whereas even relatively slight macrophage 
exudate, such can produced plain infusion broth, tended protect the 
animal against many multiples the fatal dose streptococcus. 


The method inducing marked macrophage reaction the peri- 
toneal cavity means oil injection offers excellent opportunity 
for the study the function these cells, and advantage was taken 
this method experiments presented this paper. Withthe 
hope elucidating somewhat the significance the macrophage 
reaction resistance bacterial infections, have first attempted 
determine the influence the cellular reaction the survival 
bacteria and then ascertain what extent the local resistance thus 
induced would affect the course the eventual general infection. 


Production Macrophage Reaction Oil Injection. 


For the purpose inducing the cellular reaction commercial olive 
oil was used all the experiments. This substance was injected 
intraperitoneally into mice single dose 0.2 cc. 

Following the oil injection, there considerable polymorpho- 
nuclear reaction. the hour period, however, the leucocytes are 
largely replaced mononuclear elements. These latter, consisting 
chiefly macrophages, are found very large numbers during the 
next few days and this reaction gradually subsides the course 
weeks. Some idea the macrophage reaction may obtained from 
the few examples cited below (Table I). The percentage changes are 
based differential cell counts smears obtained the capillary 
method before and intervals after oil injections. should 
mentioned that oil injections bring about perceptible increase 
the total cell counts. our experience these latter varied between 
100,000 180,000 cells per mm. peritoneal fluid normal and 
oil-injected mice alike. The total amount fluid appeared 
slightly increased the treated animals, however. 
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TABLE 
Intraperitoneal Macrophage Reaction Induced Oil Injection. 


Mouse No. oil oil days after oil injection. 
per cent per ceni per ae 
2.8 76.6 
6.2 76.9 80.1 
14.8 64.8 73.6 
21.0 87.4 86.5 
68.3 78.8 


have previously noted that accompanying this local reaction 
there proliferation the cells the lymphoid germ centers, but 
that material change the blood picture 


Effect Oil Injection the Survival Bacillus coli the 
Peritoneal Cavity. 


The first experiments were planned test the effect bacteria 
the macrophage reaction induced oil injection. these experi- 
ments, others described later, olive oil was injected 
days advance bacterial inoculation, this period being that the 
maximum cellular reaction. For obvious reasons relatively non- 
pathogenic bacterium was chosen the test organism; namely, 
Bacillus coli. 


Experiment normal white mice approximately the same size and 
weight were divided into groups: 

Group (20 mice) was injected intraperitoneally with olive oil, and days later 
was inoculated, also intraperitoneally, with suspension coli. 

Group (20 mice) was inoculated intraperitoneally with the same suspension 
coli, without the previous oil injection. 

Group (10 mice) was injected with olive oil but was not inoculated with coli. 

Group (10 mice) remained without oil injection coli inoculation normal 
controls. 

hours growth coli agar slants was suspended cc. sterile nor- 
mal salt solution, and 0.1 cc. the suspension was inoculated into each mouse. 

days after the bacterial inoculation, mice each from Groups and and all 
the mice Groups and were killed and cultures were taken from the peritoneal 
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exudate. mice each from Groups and were killed days after the inoculation 
and cultures were taken similarly. The remaining mice each from these two 
groups were killed and cultures taken the day period. 

After hours incubation 37°C., tubes were examined and growth coli 
noted. The result was follows (Table 


TABLE 
Effect Oil the Recovery coli Subsequently Inoculated. 


Group 1. 


Intervals after Group Group 
coli with Injected with oil 
inoculation. coli alone. alone. Untreated controls. 
days 
om = 


+++ indicates profuse growth; several colonies; colonies present. 


apparent from the above result, Bacillus coli dies off rapidly 
the normal peritoneal cavity, but disappears much more quickly 
from the cavity previously injected with oil. may noted that 
the 4th day after inoculation cultures from the oil-injected mice 
were mostly negative, while those from the control animals showed, 
the majority instances, some growth the organism. Even 
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days after there was marked difference the number recovered 


Experiment above experiment was repeated with mice, similarly 
divided into groups. this case, however, all the mice were killed and cultures 
taken days after the coli inoculation. Groups and cultures were also 
taken from the heart’s blood. The dose coli was the same Experiment 


The growth coli the cultures after hours incubation shown 
Table 


TABLE III. 
Effect Oil Injection the Recovery coli Inoculated. 


Group Group 

Exudate. Heart’s blood. Exudate. Heart’s blood. Exudate. Peritoneal fluid. 


Does Oil Injection ffect the General Resistance? 


The next experiment was carried out with the idea determining 
whether the resistance induced oil injection confined the peri- 
toneal cavity whether involves general change. The method 
experiment adopted was inject olive oil intraperitoneally 
usual, and then introduce Bacillus coli into the pleural instead 
peritoneal cavity. 


Experiment normal white mice (Group were injected intraperitoneally 
with 0.2 cc. olive oil. days later these, together with another mice (Group 
2), were inoculated with equal amount suspension coli intrapleurally. 
All the mice, along with untreated normal controls (Group 3), were killed and 
cultures were taken from the pleural fluid. Examination the cultures after 
hours incubation showed the following result (Table IV). 
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TABLE IV. 
Effect Intraperitoneal Oil Injection the Recovery coli Inoculated 
Intrapleurally. 
after Inoculated with coli alone. Normal controls, 

+ 


This experiment was repeated with the result entirely agreement 
with the above. 

The observations seem sufficient for the conclusion that there 
perceptible increase the general resistance animals under the 
conditions these experiments. 


Effect Local Resistance the Generalization Infection. 


far, have confined ourselves the study the survival 
relatively non-pathogenic bacteria the peritoneal cavity affected 
previous oil injections. There another way which the question 
the local resistance can approached, and that test the effect 
the treatment the dissemination highly virulent microorgan- 
isms from the locus inoculation. The local resistance the site 
primary infection, sufficient degree, should modify the course 
the eventual general infection. 

The following experiments were performed with the above problem 
mind, with Staphylococcus aureus and pneumococcus 
organisms. 


Staphylococcus. Experiment normal white mice were divided into 
groups: 
Group composed mice, was injected intraperitoneally with 0.2 cc. 
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olive oil. days later they were inoculated, also intraperitoneally, with 0.1 0.8 
cc. suspension Staphylococcus aureus. 


Group was not injected with olive oil but was inoculated with corresponding 
amounts the same bacterial suspension. 


The suspension was made taking hours growth the organism 
agar slants cc. sterile salt solution. 


The death rate and the proportion surviving mice for different 
doses staphylococci inoculated, contrasted between the oil- 
injected and non-oil-injected groups, summarized Table 
These results were confirmed another experiment similar nature. 
Animals living days after inoculation were considered have 
survived the infection these experiments. 


TABLE 
Effect Oil Injection the Resistance Mice Staphylococcus aureus. 


Amounts suspension 


staphylococci inoculated. Oil-injected mice. Control mice. 
0.4 days. 
“ 
0.2 66 “ 4g « 
days 
“ 4 
D., died; S., survived. 
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Pneumococcus.—Experiments similar the above were carried out 
with Type pneumococcus the Neufeld 

The following protocol represents one two experiments which 
have performed, and which have given comparable results. 


Experiment 5.—50 normal white mice were divided into groups each. 
Group was injected intraperitoneally with 0.2 cc. olive oil, Group remaining 
untreated. days later, both groups were inoculated intraperitoneally with 
0.000,1 0.000,000,01 cc. hour broth culture pneumococci. The out- 
come this experiment was follows (Table VI): 


TABLE VI. 


Effect Oil Injection the Resistance Mice Pneumococcus. 


Amounts pneumococcus 


culture injected. Oil-injected mice. Control mice. 
ce. 
“cc 4 “ 48 
3 “ 48 
3 48 “ce 
4 “ec 48 
48 
hrs. 
“ “ 48 
“ 


indebted Dr. Avery for the cultures this strain. 
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Failure Olive Oil Itself Influence Infections. 


question naturally arises: not the apparent resistance observed 
attributable the action olive oil itself upon the organisms? 
have attempted answer this question studying the effect 
nearly simultaneous injections oil and bacteria. the amount 
olive oil injected was sufficient itself influence the bacterial 
growth vivo, this effect should more strikingly brought out 
these experiments than when the oil injection was given few days 
advance bacterial inoculation, have heretofore done. 
also remembered that there marked macrophage reaction 
the peritoneal cavity during the first hours after oil injection. 


Effect the Survival coli. Experiment normal white mice were 
inoculated intraperitoneally with equal amounts suspension coli. Im- 
mediately afterward these mice were injected, also intraperitoneally, with 
0.2 cc. olive oil, the remaining mice, not injected with olive oil, serving 
controls. days later all the mice were killed and cultures were taken from 
the peritoneal exudate. The growth coli these cultures after hours in- 
cubation was follows (Table VII): 


TABLE 


Effect Oil Injection the Recovery coli. 


Another experiment similar nature was carried out with the 
same number mice, and with entirely analogous results. 

evident from the above results that the possible direct action 
olive oil Bacillus coli cannot account for the early disappearance 
the organism from the oil-prepared peritoneal cavity noted 
the preceding section. 

Effect Pneumococcus further check, additional 
experiment was performed with pneumococcus, follows: 
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Experiment normal white mice were divided into groups mice 
each. Group was injected with 0.2 cc. olive oil and days later was inoculated 
with 0.000,001 cc. hours growth Type pneumococci broth. Group 
was inoculated with the same amount the same culture but was injected im- 
mediately before with 0.2 cc. olive oil. Group was simply inoculated with the 
same amount the same culture. Oil well pneumococci was inoculated 
intraperitoneally all instances. 

The proportions mice each group surviving the pneumococcus infection 
were follows (Table VIII): 


TABLE VIII. 


Effect Oil Injection the Resistance Mice Pneumococcus. 


Group Group Group 
Injected with oil days before Injected with oil immediately Untreated mice inoculated with 

inoculation. before pneumococci. pneumococci. 

“ 3 days 48 “ 

“ 3 “ 3 

S 3 “ 

S 


the Exudation Fluid Bacteriolytic? 


this point necessary consider the possible the 
peritoneal fluid itself the process local resistance. not 
without reason suspect that the soaps fatty acids which may 
formed the peritoneal cavity after oil injection might some 
consequence. the three species bacteria used the preceding 
experiments pneumococcus the only one known highly sus- 
ceptible the lytic action sodium oleate, and, even this case, 
the soap action inhibited the presence Staphylo- 
coccus, the other hand, highly resistant.to the germicidal action 
spite these facts seems desirable obtain direct 
experimental evidence. have therefore tested peritoneal fluid from 


Lamar, V., Exp. Med., 1911, xiii, 380. 
Walker, E., Infect. Dis., 1924, xxxv, 557. 
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oil-injected animals for its action pneumococcus, using rabbits, 
instead mice, for technical reasons. 

The following one two experiments which resulted 
identical outcome. 


Experiment normal rabbit was injected intraperitoneally with cc. 
olive oil. days later the peritoneal exudate was collected and centrifuged, sepa- 
rating oil droplets and cells from the clear fluid. 0.5 cc. this last mentioned 
fraction was mixed small test-tube with 0.05 cc. hour broth culture 
passage strain Type pneumococcus and placed water bath 37°C. 

Microscopical examinations were made smears from the mixture taken the 
end and hours incubation. Before incubation smears showed, roughly, 
isms were seen every field. marked increase pneumococci was noted after 
hours incubation, which period there were organisms per field. The 
bacteria further increased during the next hours incubation, and many 
these were seen single microscopic field. The original undiluted culture 
showed average pneumococci per field. 

Cultures were also taken from the mixture after incubation for and hours. 
All the cultures yielded luxuriant growths pneumococci. 

Finally, the mixture, after hours incubation, was inoculated into mice 
varying doses. 0.001 cc. this material uniformly killed mice within hours, 
and 0.000,01 cc. killed within hours. 


The evidence seems complete demonstrating that the cell-free 
exudate from oil-injected animal, instead inhibiting the growth 
pneumococcus, serves, the contrary, excellent culture 
medium for this organism. This fact makes certain that the 
properties the fluid, including its soap contents, are not primarily 
responsible for the phenomena local resistance. 


Phagocytosis Bacteria Macrophages. 


After eliminating the humoral factor from consideration there 
remains described the microscopical evidence the action 
macrophages upon bacteria. 


number mice were injected with olive oil previous experiments and 
days later they were inoculated with microorganisms. inoculating virulent 
bacteria care was taken use the amount culture sufficient kill normal 
animals and yet permit the oil-injected ones survive. With coli, small 
quantity fairly thick suspension was used. All the animals were killed from 
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hours after the inoculation bacteria, and smears were taken from the 
peritoneal exudate for microscopical examination. 


Figs. illustrate the findings. There were some variations 
the relative number bacteria found the smear, depending, 
doubt, upon the amount cultures originally injected, upon varying 
time after the inoculation, etc., but the evidence phagocytosis 
bacteria macrophages was very frequent and constant observa- 
tion. Figs. and are shown number Bacilli coli in, well 
about, macrophages; fair number Staphylococcus aureus are 
shown phagocytized Figs. and while several pneumococci 
engulfed macrophages are illustrated Figs. and was 
noted that the cells phagocytizing all these microorganisms were 
chiefly macrophages, and only occasionally were polymorphonuclear 
leucocytes seen containing any bacteria. 


DISCUSSION. 


well known that virulent microorganisms injected into the 
peritoneal cavity are rapidly disseminated into the circulating blood, 
and that the organisms, allowed proliferate, lead the eventual 
death animals. the same time, there doubt that many 
bacteria are disposed the peritoneal cavity. The ultimate 
recovery the animal may therefore depend certain extent upon 
how far the local destruction bacteria carried out. Despite the 
fact that polymorphonuclear cells are generally accepted the major 
agent these local processes, there are few observers who consider 
the peritoneal cavity (Buxton and etc.). the 
other hand, has been suggested that macrophages might active 
agents under these conditions (Gay and Morrison’). 

not our intention discuss here how important part the 
macrophage plays resistance infections they occur spontane- 
ously man and animals. Nor within the scope this paper 
question the function polymorphonuclear cells. have merely 
demonstrated the present investigation the ability macrophages 
successfully dispose pathogenic bacteria with but slight, any, 
cooperation polymorphonuclear elements. 


Simon, B., Centr. Bakt., Abt., 1901, xxix, 113. 
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SUMMARY. 


Coincident with the marked macrophage reaction induced the 
peritoneal cavity oil injection, there increased resistance 
this location bacterial infections. Animals prepared dispose 
Bacillus coli much shorter time than normal animals, and survive 
multiples the fatal doses staphylococci and pneumococci. 

The amount oil injected itself incapable inhibiting bac- 
terial growth, nor cell-free exudate from oil-injected animal 
potent this regard. The macrophages the exudate, the other 
hand, actively phagocytize bacteria. These facts lead the conclu- 
sion that the increased resistance due primarily the action 
macrophages. 


EXPLANATION PLATE 


Photomicrographs showing phagocytosis bacteria macrophages. Speci- 
mens (smears) were taken from oil-injected mice from hours after they were 
inoculated with bacteria. 
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EXPERIMENTAL STUDY THE RELATION THE 
OVARY FAT METABOLISM. 


MONTROSE BURROWS, M.D., anp CHARLES JOHNSTON. 
(From the Research Laboratories The Barnard Free Skin and Cancer Hospital, and 
the Department Surgery Washington University School 
Medicine, St. Louis.) 

(Received for publication, May 26, 1925.) 


The controlling influence the ovary cyclic changes the uterus 
and breasts has been fully appreciated for many years. Recently 
Allen and Doisy (1) have isolated from the follicular fluid the ovaries 
pigs alcohol-, ether-,and acetone-soluble substance, which induces 
estrus when introduced subcutaneously into spayed rats. 

also known that the ovary has with the metabolism 
fat the body. Women store fat after the removal the ovaries, 
destruction the ovaries from one various causes, and after the 
menopause. Women suffering premature loss function their 
ovaries also suffer various other metabolic changes and disturbances. 
order throw light this latter property the ovary became 
interest study the action the Allen-Doisy hormone the diges- 
tion fat the tissues.! 


previous study (2) have shown that Mazola, corn oil, which had been 
sterilized heat, not absorbed when injected into the subcutaneous tissue 
most rats. only one case out thirty-nine was there any evidence its absorp- 
tion even after periods great months (Fig. 3). This oil the great 
majority these cases simply breaks into numerous small and larger droplets. 
Each these droplets then becomes encapsulated cells. 

this previous study also described the method the encapsulation the 
oil droplets. These capsules are formed chiefly large spherical shaped cells, 
having single poorly staining nucleus. These cells are closely packed together 
the edge the oil droplet, forming capsule one several cells thickness. 
Among these large cells are few lymphocytes and neutrophils, and eosinophils, 
and polymorphonuclear and mononuclear leucocytes. The number these 


before the Society Experimental Pathology, Washington, C., 
December 29, 1924. 
215 


216 RELATION OVARY FAT METABOLISM 


latter cells never large and the number that may present any time 
blood vessels and tissue adjacent the place where the oil was introduced. 

This capsule formed primarily cells which migrate the oil from the sur- 
rounding tissues. The large round cells are fibroblasts and endothelial cells, 
which have been drawn with the lymphocytes and leucocytes the oil from the 
surrounding connective tissue and capillaries. None the cells the capsules 
have formed through proliferation. They have migrated the edge the drop- 
lets oil from the tissue. During this migration the fixed tissue cells have not 
only rounded off spherical shaped cells, but have suffered loss their ability 
stain sharply. 

This process migration ceases after hours. Subsequent this time the 
fibroblasts and endothelial cells gradually regain their ability stain sharply. 
They lay down intercellular fibrils, stretch out along the surface these fibrils, 
and assume spindle shapes. few cases where large numbers these cells had 
become crowded together the edge the droplets, the nuclei the cells show 
increase chromatin. One division figure was seen one specimen this 
kind during this later recovery period. Asa rule, however, the only evidence 
growth the formation intercellular fibrils. Subsequently these cellular 
fibrous capsules then slowly regress hyaline scar (Fig. 3). The leucocytes and 
lymphocytes remain unchanged for time the capsule. Then they gradually 
disappear. 


Corn oil does not stimulate growth cells. acts cause 
regressive rather than constructive changes them. Evidences 
growth about these oil droplets manifest themselves late, after the oil 
has ceased attract the cells from the surrounding tissue and other- 
wise act upon them. This recuperation the cells and growth are 
more and the amount earlier degenerative changes the cells 
less about the smaller droplets than the larger ones. 

Allen and Doisy had dissolved their hormone corn oil order 
facilitate its introduction into the subcutaneous tissue. each 
instance tumor formed the site the injection. Since oil pro- 
duces such tumors had been thought that this reaction was due alone 
the oil. order throw light the mechanism the absorption 
the corn oil one our animals and not the others, and 
view the relation the ovary fat metabolism the organism, 
became interest remove and study histologically number 
these tumors produced the oil plus the ovarian hormone. 


The animals used for these experiments were rats, guinea pigs, and 
monkey. The hormone was prepared first extracting the fresh follicular fluid 
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from the ovaries pigs with alcohol, evaporating the alcohol solution 
dryness. The residue was then extracted with ether. After the ether solution 
was filtered was evaporated and the residue extracted with the corn oil. This 
oil-hormone mixture was then introduced into the subcutaneous tissue the 
animals. 


The corn oil containing the hormone when introduced into the tissue 
breaks into droplets the same the pure corn oil. excites like- 
wise rapid migration cells from the surrounding tissues. 
capsule forms which identical with that seen about the pure oil 
except that the cells migrating the oil show very little evidence 
degeneration, but rather early active growth and division and 
early and active laying down intercellular fibrils. The cells also 
invade the oil, remove it, and proliferate most actively the space 
occupied it. Many the smaller droplets oil are completely 
removed this process and the space originally occupied them 
becomes dense mass proliferating fibroblasts. the larger drop- 
lets this process ceases generally after small amount the oil 
removed. After given period such proliferation this mass new 
cells then slowly regresses and disappears the form hyaline scar. 

The details this process are illustrated the description experi- 
ments below. 


Experiment guinea pigs were injected with cc. corn oil containing 
the ovarian extract. The tumors were removed after days. These tumors, 
like the tumors formed injecting pure corn oil, are composed numerous 
encapsulated droplets the oil. Each these droplets surrounded layer 
cuboidal cells. Outside this layer are layers fibroblasts which this stage 
have laid down considerable amount intercellular material and have stretched 
out toa spindle shape. Mitoses are numerous not only the layer cells about 
the oil droplets (Fig. 1), but also the layer cells deeper 
places these inner capsular cells are proliferating rapidly, the oil disappearing, 
and the space occupied gradually being replaced these proliferating 
cells (Fig. 2). 


shown the later experiments this proliferation into the smaller 


droplets continues until the oil entirely removed and its site replaced 
dense mass proliferating cells. 
Experiment 2.—A rat was injected with cc. Mazola oil containing ovarian 


extract. The tumor was removed after weeks. About all the oil cysts the 
cells are seen proliferating actively. Many the smaller drops oil have been 
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entirely removed and replaced these growing cells (Fig. A). other cases 
the cells are seen growing and slowly invading the oil from all sides (Fig. 
B). The larger droplets oil are still present (Fig. C). Their former 
single layer lining cells seen now, however, layer many cells thick- 
ness. About the edge these larger oil droplets cell processes can also seen 
projecting out into the oil they are seen Fig. 

Experiment rats were injected with cc. corn oil plus the ovarian 
extract. The tumors were removed from time time, between week and 
months thereafter. The sections tissue removed within month show pictures 
similar that seen the guinea pigs and rat Experiments and Subse- 
quent this time the proliferating tissue slowly regresses. the great majority 
the cases only the smaller oil droplets are found have been removed the 
cells. other sections all the oil has been removed. Only the original fat 
the subcutaneous tissue remains. This active proliferation cells continues, 
however, for only about weeks, when ceases and regression takes place. 
The denser masses cells which fill many the small oil cavities lose their nuclei. 
Their cytoplasm unites with that neighboring cells. becomes more granular 
and stains less sharply (Fig. the lower power picture these areas after 
weeks several months one finds few oil drops remaining and other open 
spaces which resemble the lacune left cholesterol crystals (Fig. 6). Finally 
this mass cells which filled the oil space shrinks appear single large cell 
containing nucleus one more poorly staining nuclei. The surrounding 
tissue undergoes slow regression hyaline scar containing few small oil drop- 
lets. This process regression takes place more quickly some animals than 
others. 

Experiment 4.—One spayed monkey received cc. the corn oil plus ovarian 
extract. The tumor was removed after months. The oil has been completely 
removed from this tumor. The tumor composed cellular mass regressing 
hyaline scar (Fig. 7). The open spaces shown this figure are for the most 
part the fat droplets the original tissue secondary fat deposits the re- 
gressing scar. 


DISCUSSION AND CONCLUSIONS. 


From these observations there seemed little doubt that the 
follicular fluid the ovary contains active growth-stimulating 
substance and one capable initiating active digestion foreign 
fat, which might otherwise remain for indefinite time 
the tissues these animals (2). 

have not attempted ascertain whether this substance excit- 
ing growth and digestion the oil the same any way related 
the substance exciting estrus these animals. That may 
substance from the estrus-exciting substance suggested, 
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however, the fact that similar excitant growth and fat diges- 
tion has recently been extracted the same method from the corpus 
luteum pigs. These extracts corpora lutea have not excited 
estrus spayed rats. 

the one rat which the pure oil was absorbed, the cells did not 
invade the oil, but the capsule remained cellular and the oil gradually 
disappeared from the space. these experiments which the active 
substance was added the oil the cells have always invaded the oil. 
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EXPLANATION PLATES. 


day old tumor guinea pig formed injecting corn oil plus ovarian hormone. 

moderately high power photomicrograph another part the section 
shown Fig. 


months old tumor rat produced the injection cc. pure corn oil 
into the tissue. picture included facilitate comparison 
between the action pure oil and oil plus ovarian hormone. 

Fic. moderately high power photomicrograph part weeks old 
tumor rat produced injecting corn oil plus ovarian hormone. 


PLATE 


Fic. moderately high power photomicrograph section months 
old tumor rat produced injecting corn oil and ovarian hormone. 

Fic. low power photomicrograph the section shown Fig. 

Fic. high power photomicrograph months old tumor monkey 
produced injecting cc. corn oil plus ovarian hormone. 
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THE RELATION THE VITAMINS THE REACTION 
INDUCED COAL TAR THE TISSUES 
ANIMALS. 


LOUIS JORSTAD, M.D. 


(From the Research Laboratories The Barnard Free Skin and Cancer Hospital, 
and the Department Surgery Washington University School 
Medicine, St. Louis.) 


(Received for publication, May 26, 1925.) 


the important problem the study cancer the nature 
conditions which regulate the normal growth cells the organism, 
becomes necessary study, relation tissue changes brought 
about coal tar, the conditions and substances which promote nor- 
mal growth. previous papers (1) have studied the action coal 
tar adult and embryonic tissues the rat. These animals were 
fed balanced dietary throughout the experiments. Following the 
same procedure and technique, far the introduction coal 
tar into the tissue concerned, have modified the dietary the feed- 
ing series rats and studied the tissue changes produced coal 
tar affected these conditions. 


the previous paper had been shown that the chief effect coal tar the 
cells and organism destructive rather than constructive. When drops coal 
tar are injected into the subcutaneous tissue they attract the tissue cells them 
from wide area about them. these cells leave the blood vessels and inter- 
cellular fibrils the connective tissue the intercellular substances suffer not only 
loss their cells, but hyaline-like changes. The cells they migrate the edge 
the tar round off, their nuclei and cytoplasm stain less sharply. Many the 
first cells arrive suffer complete granular degeneration. 

When sufficient quantity coal tar injected into the subcutaneous tissue 
animal, the cells not only undergo this migration and show these degenerative 
changes, but the whole animal suffers loss weight, cachexia-like changes, 
and often eventual death. The changes occurring these animals they are 
seen the gross, are not unlike those that occur animals with rapidly growing 
malignant tumors. Many the earlier authors had already noted that lipoid 
solvents act cause death the cells rather than any stimulation them.. 
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Such observations are seen the articles Bullock and Rohdenburg (2) and 
Champy (3). These authors had thought, therefore, that the action these 
substances the production cancer largely one destruction with secondary 
regeneration. How the substances cause the degeneration and effect the general 
nutrition the animal had not been determined, however. 

The action single drop coal tar always limited. acts produce 
the changes noted above for only short period time. Its action greatest 
first, then gradually wanes. acts, therefore, the tissue like substance 
which dissolves some important constituent the cell. Those cells which are 
drawn the edge these droplets tar surround continuous cellular layer 
one many cells thick. After the tar has ceased active those the cells 
which are not completely destroyed become active again. Their nuclei and cyto- 
plasm stain more sharply. the sparsely cellular tissue adults single in- 
jection coal tar rarely ever draws more than few cells its periphery. 
the more densely cellular mesenchyme embryonic tissue and near the epidermis 
adults many more cells are attracted. Where large number cells are crowded 
together about the tar they show growth and multiply they recover from the 
primary effects tar. Where only few are attracted the edge the drop, 
they never show any growth, but slowly develop new intercellular substances and 
the whole eventually reverts hyaline scar. 

The cells that move the edge the coal tar are the cells which are present 
the tissues immediately about it. They are endothelial cells, fibroblasts, epi- 
thelial cells, leucocytes, and other wandering cells. With each new addition 
coal tar more and more cells are attracted the tar. With these repeated appli- 
cations tar the tissue about suffers much more exaggerated changes. Most 
all the cells the nearby tissues are drawn the tar. The surrounding tissues 
assume hyaline appearance peculiar tissue about actively growing cancers. 
the more densely cellular masses accumulated frequent applications tar, 
growth and mitosis cells intervene and cancer develops. 


studying these various effects coal tar, has been interesting 
note that different animals respond differently the injection 
this substance. number cases all the cells degenerated when 
they moved the tar. other cases they withstood the action 
the tar and formed dense cellular collar about each drop this 
stance. Other authors have noted similar variations these cellu- 
lar responses that cancer developed more rapidly some their 
animals, but one has explained these variations. became 
interest, therefore, investigate them regard the general state 
nutrition the animals and the diet they received. 


For all these experiments young healthy actively growing animals have been 
used. The diets given them were modifications those used former workers 
vitamins—Goldblatt (4), Gross (5), Zilva (6), Hume and Smith (7), Bond (8), 
Eddy McCollum was important note carefully disturbances 
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nutrition and the arrest retardation growth was due vitamin de- 


ficiencies these diets, due non-palatability, decreased consumption 


food. Results due merely lack food intake were discarded. 


The chief immediate index the effect any particular diet the gain loss. 


weight the animal. Repeated weighings were carried out during the course 
the experiment. The injections coal tar into the animal were regulated 


time and amount the basis the weight curves and the study 
changes, after determining the effect similar quantities tar series ani-. 


mals fed ordinary normal diet. 


Diets. 
Balanced ration. 
Moderately high vitamin 
Cod liver oil, cc., added (2). 
Crisco substituted for butter (2). 
Vegex not included the ration (4). 


Lemon juice not added the ration (6). 


Vegex the source vitamin and product furnished the vitamin 
Food Company, Inc., Westfield, Mass. 
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EXPERIMENTAL DATA. 


150 white rats were used this experiment. They were divided 
into series, each series being made animals practically the same 
age and weight. All were from the regular brother and sister strains 
stock that has been bred our laboratory during the past years. 

For the study tissue changes around the particles coal tar 
introduced under the skin, animals from each series were killed and 
autopsied regular intervals 15, 30, 45, and days after the 
injections tar. number animals were kept for longer period 
time and some were autopsied and sections made the tumor when 
the animal died result the deficiency diet. other cases biop- 


High vitamin diet. 
Low vitamin diet. 
Balanced diet. 


Curve showing changes weight before and after the injection 
cc. coal tar into three rats high vitamin deficient vitamin and 
balanced diet respectively. 


sies were made from animals under ether anesthesia. certain num- 
ber each series will kept for long period time and findings 


later. 


Discussion Weight Curves. 


‘The weight curves are practically self-explanatory and need empha- 
sis only regard few points particular interest. Taking into 
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consideration the weight the animal and the amount coal tar 
injected over period time, the weight curves the animals 
deficient vitamin and high vitamin diet are practically identical 
(Text-fig. 1). There definite decrease weight after each injec- 
tion coal tar and the composite growth curve follows line almost 
parallel the base line. The animals balanced dietary lost 


High vitamin diet. 
Balanced (stock) diet. 


Curve showing changes weight before and after the injection 
cc. coal tar into two rats high vitamin and stock (balanced) diet 
respectively. 


weight after each injection coal tar, but they increased weight 
gradually, not rapidly, however, animal that has not been 
injected with coal tar (Text-fig. 2). 

Animals fed the deficient vitamin diet lost weight rapidly after 
the injection coal tar, even after small amount cc., and when 
the amount was increased cc., the animal died within few days 
even earlier. the other hand, the series receiving high 
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vitamin ration the weight curve was little affected the injections 
coal tar did not always kill these animals. 

deficiency vitamin gives weight curve similar that 
balanced dietary. The withdrawal this vitamin has effect 
the reaction the animal the tar. 


High vitamin diet. 
Low vitamin diet. 


showing changes weight before and after the injection 
cc. coal tar into two rats high vitamin and low vitamin diet 
respectively. Rats low vitamin diet died (D.) quickly after injection. 

showing changes weight before and after the injection 


cc. coal tar into two rats high vitamin and low vitamin diet 
respectively. 


Discussion Tissue Changes. 


previous paper (1) discussed the tissue changes brought 
about the introduction coal tar into adult and embryonic tissue. 
The series animals the balanced ration dietary this experiment 
presented tissue changes the same character. There may 
earlier cellular degeneration and hyalinization the tumors taken from 
the animals fed the diet deficient but not marked. 
There cell activity after the day period (Fig. 1). 

the animals fed high vitamin diet, the collar fixed tissue 
about the coal tar more dense. Cells have been attracted from 
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wider zone than the case animals fed balanced ration one 
deficient vitamin Activity not marked, but the cellular 
content the collar greater than can accounted for mere 
drawing cells from the surrounding tissue. From days 
after the injection tar, degeneration and hyalinization have taken 
place (Fig. 2). 

The striking feature the tissue changes brought about the defi- 
cient vitamin sparcity cellsin the zone about the coal 
tar. The cells have been attracted from the surrounding tissue, but 
these cells have suffered marked degeneration their migration 
the tar (Fig. only one case did they show even slight activity. 
All them shrivel and break early period. 

the animals fed the normal diet the laboratory, the spe- 
cially prepared balanced diet, and one deficient vitamin 
high vitamin the coal tar tends remain large drops was 
injected into the tissue. quite different this regard from the 
corn oil described Burrows and Johnston (11). most cases the 
corn oil breaks quickly into numerous small droplets. 

the animals fed diet high vitamin this picture changes. 
The coal tar breaks quickly into large number small droplets 
These are found scattered densely cellular tissue. 
few the sections removed from animals fed balanced ration 
the periphery the drop coal tar partially broken the 
cells. The picture quite different, however, from the complete 
breaking the drop the animals fed diet high vitamin 
The cells about these droplets are large and contain well formed, 
sharply staining nuclei. Many them are dividing mitosis. 
This picture most marked the day specimen (Fig. 5). 
After this period certain portions the tissue surrounding the droplets 
undergo hyalinization, cellular activity continuing only scattered 
cell nests. These cell nests present the picture early sarcomatous 
changes. The collars cells about the individual droplets are much 
larger than animals fed other diets. They are often thirty cells 
thick. 

DISCUSSION. 


previous paper (1) had shown that coal tar acts the organ- 
ism cause cachexia-like changes. Drops coal tar placed the 
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tissue attract the fixed tissue cells them from the surrounding tis- 
sues. They not stimulate these cells grow but the cells suffer 
partial complete degeneration this reaction. This action the 
tar not continuous, but limited short period time. After the 
tar has ceased active those cells which have not degenerated 
completely recover from the action the tar. Where the cells have 
become densely packed together about the tar active growth and 
division these cells intervene and cancer develops. Where only 
few cells are collected the tar only few survive its action they 
form only hyaline scar. There was evidence that the tar acted, 
any time, stimulate the cells grow. acts simple solvent 
lipoid elements the cell. The degeneration the cells and the 
cachexia may the direct result the removal these lipoids the 
tar. 

Burrows (12) his studies body cells the tissue culture has 
shown that these cells have many features common with yeast and 
other unicellular organisms. They can grow independently 
cancer only when they are crowded together stagnant area where 
certain primary products their metabolism can accumulate about 
them. They differ from many the other unicellular organisms 
that they have special mechanism for migration. They migrate 
liberating surface tension-lowering substance absorbed only 
proteins and fats. They can move only into proteins and towards 
larger droplets fat which absorb this surface tension-lowering sub- 
stance. The primary substance which must concentrate about these 
cells for them become active water-soluble substance formed 
them proportion the oxygen absorbed. has been called the 
archusia (S). The surface tension-lowering substance has been called 
the ergusia. latter substance not liberated the cell under 
all conditions, but only when the archusia (S) reaches certain con- 
centration not re-formed the cell until the archusia 
reaches still higher concentration when the cells grow and 
divide. Coal tar dissolves the ergusia. 

Body cells cannot retain the archusia. They can grow only when 
extracted from other sources and added the medium when 
they are crowded together stagnant medium from which cannot 
escape. the normal organism the archusia does not reach con- 
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centration consistent for growth and re-formation the ergusia. 
The question arose how these cells the normal organism sur- 
vive under such conditions. their mechanism for growth different 
from that the culture, they obtain supply these substances 
from other sources? seemed possible that certain the vitamins 
were none other than these two essentials supplied other growing 
animals and plants. test this conception became interest 
see the effect coal tar animals fed diet rich one the other 
the various vitamins. These studies have shown that diet rich 
the water-soluble vitamin stimulates the growth these cells just 
the archusia stimulates the cells the culture, while the fat-soluble 
vitamin protects the animal and the cells against the destructive 
action coal tar the loss the ergusia it. 

the light these facts has been possible, therefore, draw the 
following conclusions. 


SUMMARY AND CONCLUSIONS. 


Drops coal tar introduced into the subcutaneous tissue attract 
the fibroblasts, endothelial and other cells them. These cells suffer 
degenerative changes through this action the tar and the animal 
suffers cachectic-like changes and death from large doses intro- 
duced into the subcutaneous tissue. This action the coal tar 
limited short period time, after which becomes inert. The 
cells which have been drawn and which have not completely 
degenerated then slowly recover. Where large numbers these cells 
are drawn the tar they grow and divide after recovering from the 
initial effects the tar. Cancer may develop. Where only few 
cells are drawn the tar they lay down intercellular fibrils and scar 
eventually develops. Vitamin fed more than ample quantities 
these animals protects the animals and the cells against the toxic 
action the tar and stimulates and prolongs their secondary growth. 
Vitamin stimulates the secondary growth these cells. This 
action limited extent and time. followed early degen- 
eration and hyalinization the tissue. 
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EXPLANATION 


The figures are photomicrographs sections tissue adult rats, showing 
the cellular changes about drops coal tar. Each series animals was placed 
the different diets days before the injection the tar oil. 


PLATE 


Fic. Moderately low power photomicrograph showing tissue changes 
days after the injection coal tar into the subcutaneous tissue rat fed 
diet deficient vitamin 

Fic. Moderately low power photomicrograph showing tissue changes 
days after the injection coal tar into the subcutaneous tissue rat fed 
diet high vitamin 

PLATE 

Fic. Moderately low power photomicrograph showing tissue changes 
days after the injection coal tar into the subcutaneous tissue rat fed 
diet deficient vitamin 

Fic. Moderately high power photomicrograph showing tissue changes 
days after the injection coal tar into the subcutaneous tissue rat fed 
diet high vitamin 

PLATE 


Fic. higher power photomicrograph the same section that shown 
Fig. The striking picture the numerous mitotic figures compared sec- 
tions taken from the rats the other diets. 

Fic. low power photomicrograph showing the breaking the coal tar 
into small droplets the tissues rat high vitamin diet. The section 
was taken from the rat days after injection the tar. 
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STUDIES THE ETIOLOGY HEARTWATER. 


OBSERVATION RICKETTSIA, RICKETTSIA RUMINANTIUM 
(N. Sp.), THE TISSUES INFECTED ANIMALS.* 


COWDRY. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


11. 


(Received for publication, January 26, 1925.) 


Heartwater defined Spreull' specific febrile disease 
affecting sheep, goats and cattle South Africa and due ultra- 


visible virus transmitted the bont tick—Amblyomma hebreum 
(Koch).” 


The name suggests the most characteristic lesion usually met 
with autopsy; namely, hydropericardium. According the disease 
was first noticed South Africa 1860 coincident with the appearance the 
bont tick, Amblyomma Owing the severe economic losses which 
has entailed has since been the subject much experimentation 
and others. Edington® was the first transmit heartwater susceptible cattle 
the inoculation blood containing the virus. the same year, 1899, Louns- 


First contribution the South African Expedition The Rockefeller Insti- 
tute for Medical Research. 

The experiments were made the Laboratory the Department Agriculture 
Onderstepoort and cordial thanks are due the Government the Union 
South Africa, Sir Arnold Theiler, and the members his staff for the many 
courtesies extended. 


J., Agric. Cape Good Hope, 1904, xxiv, 433; Agric. Union 
South Africa, 1922, iv, 236. 

Hutcheon, Cape Good 1900, xvii, 410. 

Heartwater since been reported Angola and the Belgian Congo (Van 
Saceghem, R., Bull. Soc. path. exot., 1918, xi, 423). 

Hutcheon, D., Agric. Cape Good Hope, 1901, xix, 302; 1902, xx, 633; 
1903, xxii, 438. 

Edington, A., Agric. Cape Good Hope, 1904, xvii; Comp. Path. and 
Therap., 1904, xvii, 141; Rep. Director Gov. Bact. Inst., Grahamstown, Cape Good 
Hope, 1905, (Colonial Secretary’s Ministerial Division). 
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that normally the tick does not carry the virus, but that when allowed feed 
upon diseased animal will pick the virus, carry through moulting period 
(from larva nymph from nymph adult), and transmit the next sus- 
ceptible host. Lounsbury also discovered most interesting fact, namely that 
larva having obtained the virus and having fed nymph upon insusceptible 
host still capable adult infecting its next host, the host susceptible. 
this respect the virus differs from that East Coast fever and also far 
that not inherited from one generation another through the eggs. 

The period incubation about days when the disease induced ticks, 
somewhat shorter after blood inoculation. The febrile reaction characteristic. 
The temperature usually rises abruptly between 105° and 108°F. where 
remains for several days, long week, and then often drops subnormal 
before death. Occasionally there are nervous symptoms, such muscular 
twitching, tetanic seizures, squinting, excessive salivation, and galloping move- 
ments after the animal has fallen the ground. showed 1903, the 
symptoms can only explained the supposition that have with 
microorganism present the circulating blood. his opinion the virus does 
not pass through Berkefeld Chamberland ‘The mortality high (over 
per cent) and there satisfactory method establishing protective 
immunity. 


the suggestion Sir Arnold Theiler that the disease might 
due Rickettsia, cytological study the tissues experimentally 
infected animals was made order test this hypothesis methods 
which have proved useful the investigation Rickettsie. 
seemed possible that this theory proved correct information might 
secured which would have interesting though indirect bearing 
upon the nature Rocky Mountain spotted fever, typhus fever, 
and other diseases man associated with the viruses 


Lounsbury, P., Agric. Cape Good Hope, 1899; 1900, xvii, 682; 1902, xx, 
29; xxi, 22, 165, 221, 315; Rep. Gov. Entomol., 1903, 15; Agric. Cape Good 
Hope, 1904, xiv. 

Sir Arnold, Ann. Rep. Gov. Vet. Bact., 1903-04, 114; Vet. J., 1904, 
ix, 300; Rep. Transvaal Dept. Agric., 1903-04, 1905, 190; Ann. Rep. Director 
Agric., 1904-05, 1906, 121; Ann. Rep. Gov. Vet. Bact., 1905-06, 1907, 67; 1909, 33. 
Theiler, Sir Arnold, Gray, E., and Power, M., Internat. Vet. Cong., 
London, 1914. Theiler, Sir Arnold, and Stockman, Comp. Path. and Therap., 
1905, xviii, 155. 

Knuth, P., and Toit, J., Tropenkrankheiten der Haustiere, Leipsic, 
1921, 628. 
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TABLE 


Chart Animal Passages. 
Naturally infected goat from Pretoria district. 


8071 
8281 
4514 
8292 8400 
8409 


5937 G.8387* 
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which, like that heartwater, have thus far resisted all attempts 
artificial cultivation and which arthropods are the vectors. 


Transmission the Disease. 


The heartwater virus employed transmitted the disease with great 
constancy and was passed through many animals, shown the 
record given Table For convenience each animal was desig- 
nated laboratory number under which heading all information 
regarding was assembled. asterisk (*) indicates that histologi- 
cal examination was made, plus sign that microorganisms were 
found, and negative sign that microorganisms were not ob- 
served. 


making the passages infective blood was injected intrajugularly into goats 
(G.), sheep (S.), and cattle (C.). After period incubation about days 
the temperature rose suddenly from 106-108°F. and then subsided, shortly 
after which the animals usually died else were killed. Careful autopsies all 
were made the veterinary officers duty (see For routine purposes 
tissues were fixed Zenker’s fluid and were colored Giemsa’s stain, but other 
special fixatives and stains were also employed will mentioned subsequently. 


Controls. 


The following controls were examined and proved negative for 
the microorganisms under discussion. 


Three sheep and three goats which were held under careful observation for 
several days before they were killed order make certain that they exhibited 
signs whatever disease. For this material indebted Dr. Steck. There 
were also examined twelve sheep which died from bleeding the preparation 
blue-tongue vaccine; four sheep killed advanced stage two 
cattle which died and cow which died 


Jagsiekte contagious chronic catarrhal pneumonia sheep, the causative 
agent which unknown (Mitchell, T., Rep. Director Vet. Education and 
Research (Sir Arnold Theiler), 1915, 585). 

acute specific infectious disease cattle caused 
ultra-microscopic but non-filterable organism and characterised general 
hyperplasia lymphoid tissue throughout the body, less frequently inflam- 
mation, erosion and necrosis the various (Mettam, M., Rep. 
Director Vet. Education and Research (Sir Arnold Theiler), 1923, 393). 

toxin produced “an anaerobic bacterium reminiscent of, but not identical with, 
Bacillus (Theiler, Sir Arnold, Green, H., and Toit, J., Agric. 
Union South Africa, 1924, 4). 
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The Observation Microorganisms Animals Experimentally 
Infected with Heartwater. 


intervals during the febrile period fresh blood was examined 
direct and oblique illumination and smears stained variety 
ways. microorganisms were ever found, although known 
that the blood was infective the time when procured. Fresh 
smears various organs taken autopsy were likewise examined 
without results. was only the fixed and stained tissues that 
peculiar Gram-negative cocci were found, first the spleen and 
later the other organs. making the histological examinations 
was often necessary spend hours going over entire sections with 
the help mechanical stage, the case also the demonstra- 
tion the tissues animals suffering from Rocky 
Mountain spotted this purpose 1.5 mm. apochromatic 
objective and No. compensating ocular were employed. 

‘The microorganisms were most easily detected the endothelial 
cells the capillaries the renal glomeruli (Figs. and 11) and 
the superficial gray matter the cerebral cortex (Figs. 10, 
and 15), which latter, will remembered, the location where 
Wolbach, Todd, and suggested that search made for the 
typhus fever experimentally infected guinea pigs. 
The microorganisms were also found the following tissues order 
frequency: spleen (Figs. and 2), lymph glands, corpus luteum, 
cerebellar cortex, suprarenals, midbrain, medulla oblongata, ovaries, 
corpus striatum, salivary glands, pancreas, and heart muscle. Since 
they were never found either the liver the lungs, safe 
conclude that these organs they are either very rare occurrence 
wholly absent. were seldom available for examination 
most the males had been castrated. 

The observation the microorganisms the tissues proved 
rapid and inexpensive method diagnosis the case sheep 
suffering from anaplasmosis but dying from superimposed attacks 
heartwater. 


Nicholson, Exp. Med., 1923, xxxvii, 221. 
Wolbach, B., Todd, L., and Palfrey, W., The etiology and pathology 
typhus, Cambridge, 1922. 
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was found that after death the microorganisms remained the 
tissues for least hours. the case Sheep 9015 (Table II) 
they were demonstrated the kidneys after this length time, 
but with considerable difficulty since they had lost their affinity for 
basic dyes and were recognizable only their position and mor- 
phology. Microorganisms were also detected fragments spleen 
taken from this sheep and kept for further interval hours 
room temperature, but there also they were seldom typical ap- 
pearance. This early change the microorganisms runs parallel 
with the rapid loss infectivity the blood and tissues after death. 


The Association the Microorganisms with the Febrile Reaction 
and with the Lesions. 


very close correspondence was noted between the presence 
microorganisms and the febrile reaction. They were never seen 
the incubation period, but invaded the endothelial cells before the 
maximum temperature was reached and early days after the 
initial rise temperature. was found that the most favorable 
time search for them was when the temperature was subsiding, 
from days after the maximum temperature had been reached. 
They usually persisted, however, for period days the end 
which time the temperature had generally fallen normal. Failure 
observe them later than days after the time maximum tem- 
perature was general accordance with the loss infectivity the 
blood when inoculated into susceptible animals. 

Goat 9633 seems have been exception that microor- 
ganisms were found its tissues although was killed the ist 
day the decline temperature. The incubation period this 
case was atypical, being reduced days, but there was every reason 
believe that the animal was actually suffering from heartwater. 

The most characteristic lesion and one invariably associated with 
the presence the microorganisms was marked swelling the 
endothelial cells. They were seen within the endothelial cells 
dense masses varying from few individuals several hundreds 
(Figs. clumps microorganisms were always found 
surrounded halo cytoplasm staining very lightly not 
all. Isolated microorganisms were never observed. The endo- 
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thelial enlargements were found some cases extensive 
entirely block the lumina the capillaries—a condition il- 
lustrated Fig. other cases portions the cells containing 
microorganisms became detached and passed into the circulation, 
the cells ruptured, with discharge microorganisms into the 
blood stream (Fig. fact, already mentioned, that attempts 
many methods detect the microorganisms the circulating 
blood during the febrile reaction were unsuccessful may have been 
due the splitting these masses microorganisms into single 
individuals which, owing their spherical form, would difficult 
identify the living state. Moreover, fixed preparations the 
stain would very easily extracted during differentiation account 
their small size. 

Except for the presence the microorganisms the cytoplasm the 
endothelial cells showed deviation from the normal and seldom 
contained recognizable products the phagocytosis hemoglobin 
fatty inclusions, any the basophilic granulations reported 
typhus fever. 

Neighboring endothelial cells devoid microorganisms appeared 
normal and were not enlarged. evidence was found undue 
multiplication the endothelial cells. thrombosis was noted 
and the microorganisms were never seen association with any kind 
leucocytic infiltration any extravascular location. other 
words, they seemed excite detectable local tissue reaction other 


than the physical distention the cells accommodate them 
large 


The Morphology the Microorganisms. 


The microorganisms were found very uniform coccus-shaped 
bodies, 0.2 0.5 diameter, measured after fixation Zenker’s 
fluid Regaud’s fluid and coloration Giemsa’s stain, any 
basic aniline dye. Their spherical shape well shown Figs. 
agglutinations marked irregularities morphology suggestive 
intracellular digestion were observed. single clump the 


The histopathology heartwater will soon made the subject special 


paper Dr. Steck, who has also enjoyed the privilege working Sir Arnold 
Theiler’s laboratory. 


; 
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microorganisms were, far could seen, the same size; but 
adjacent clumps the same section occasionally differed slightly 
the size the individuals composing them, within the limits specified 
above and represented Fig. The microorganisms had the 
appearance being slightly larger when present small masses and 
when not closely crowded together, the case accumulations 
many hundreds; but the difference was not sufficiently marked 
exclude the possibility that may have been merely optical 
illusion. Occasionally they were observed diplo formation (Fig. 
11), but this was the exception rather than the rule. morpho- 
logical evidence was detected any multiplicative phase, other than 
this diplo formation indicating the likelihood simple division. 
The shape and size the microorganisms remained constant through- 
out the febrile reaction. 


Microchemical Reactions the Microorganisms. 


The microorganisms were well preserved after fixation Regaud’s 
and Zenker’s fluid both with and without acetic acid, but all 
the fixatives commonly used for bacteria were suitable. They were 
colored deep, clear blue Giemsa’s method. Those diplo for- 
mation showed trace red-staining material between the two 
halves such has often been described lice; but some- 
times they exhibited halos. They were likewise easily stained 
methylene blue and other basic aniline dyes. When treated 
with Unna-Pappenheim’s methyl green-pyronine mixture, they 
usually stained light red, but sometimes acquired slightly greenish 
tint, depending upon the method staining. They were Gram- 
negative and stained readily with fuchsin, but did not retain 
differentiation. They were nicely stained with iron-hematoxylin, 
but differentiation became bleached before the nuclear chromatin 
and erythrocytes. Some resisted decolorization more than their 
neighbors and remained jet-black while the others became light gray, 
but this may have been occasioned irregular washing out the 
mordant (iron alum) and may not indicate the existence true 
qualitative difference inter se. When autolysis the tissue was 


parts per cent solution potassium bichromate and part com- 
mercial formalin—a fixative intended primarily for the study mitochondria. 


a 
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allowed proceed their affinity for basic dyes was lost before that 
the nuclear chromatin. 


Distinction from Normal Cellular Components and the Products 
Degeneration and Phagocytosis. 


Although the association the microorganisms with heartwater, 
their morphology, and their staining reactions were found 
definite, was decided compare them carefully with normal cel- 
lular components and with the products degeneration and phago- 
cytosis, since, the present time, like most their 


status living organisms has not been proved methods arti- 
ficial cultivation. 


When they were first detected the spleen (Figs. and the possibility 
confusion with some unfamiliar granular type blood bone marrow cell was 
carefully considered account their characteristic tendency occur dense 
clumps, but this was soon definitely excluded the observations, already alluded 
to, that they seemed identical three species goats, sheep, and 
that they occurred only certain phase the febrile reaction, being absent 
controls; and that, distribution, they were restricted the cytoplasm endo- 
thelial cells, being surrounded distinct zone rarefaction. Another point 
distinction was that the microorganisms were always disposed clumps one 
side the nucleus. ‘The nucleus was never surrounded all sides them 
usually the case with the specific granules granular leucocytes. Although 
search was made the bone marrow, cells containing granules all resembling 
them were found. 

Unlike mitochondria, they were readily preserved Zenker’s fluid containing 
the usual per cent acetic acid. They were basophilic, whereas the mito- 
chondria are acidophilic. shape also they were different from mitochondria, 
because rod-like filamentous forms were seen. They were present the 
cytoplasm large and compact masses contrast the mitochondria which are 
never abundant and are not grouped the same way. Finally, their 
restriction the endothelium, they were clearly differentiated from mitochondria 
and all mitochondrial 

The microorganisms were also distinguished from the granules mast cells 
their uniformity size and shape, the fact that they generally stained clear 
blue, instead purple, Giemsa’s method, and similarly their restriction 


The distinction between mitochondria and bacteria discussed Cowdry 
and Olitsky (Cowdry, V., and Olitsky, K., Exp. Med., 1922, xxxvi, 521), 


and between mitochondria and the Rocky Mountain spotted fever 
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the cytoplasm endothelial cells (see Fig. They were never found outside 
the blood vessels. 

Neither were the microorganisms confused with products the phagocyto- 
sis hemoglobin—an explanation the nature advanced Wood- 
the first place, phagocytosis fragments red blood cells the 
endothelium was not process commonly met with heartwater. the rare 
instances which did occur the resultant inclusions took the form droplets 
grading from about the size red blood corpuscle down few microns 
diameter and stained much more strongly than did the microorganisms with iron- 
hematoxylin. When colored Giemsa’s method, these inclusions frequently 
exhibited yellowish greenish tinge, due the superposition pigment and 
stain. They were never clear blue like the microorganisms, nor were they clumped 

The microorganisms stained much the same color nuclear chromatin, but 
were easily differentiated from any its degenerative products. 
indicated the figures, the nuclei the endothelial cells containing them seldom 
revealed any traces division degeneration that chromatin was not being 
emitted form detectable morphologically. was noted that except 
for the presence the microorganisms the cytoplasm the endothelial cells 
showed modifications microscopically visible. this respect the condition 
the vascular endothelium heartwater differed sharply from that found 
typhus fever described Wolbach and his 


DISCUSSION. 


interesting compare the above mentioned microorganisms 
matter because there little unanimity opinion what 
distinguishing features actually possess. 


the suggestion, made earlier that the identification 
stress may properly placed upon “‘the ability the organisms 
lead intracellular existence, their location the tissues, their host specificity, 
their Gram-negative properties, and their bacterium-like morphology” accepted 
others, has been Hertig and are clearly justified includ- 
ing these microorganisms the general category Rickettsia. These authors, 
practice have, however, slightly modified the definition read follows: 


Woodcock, M., Roy. Army Med. Corps, 1921, xxxvii, 418; 1922, xxxix, 
243; 1923, xl, 81, 241; 1924, 175. 

Wolbach, B., and Todd, L., Ann. Inst. Pasteur, 1920, xxxiv, 153. 

Cowdry, V., Exp. Med., 1923, xxxvii, 431. 

Hertig, M., and Wolbach, B., Med. Research, 1924, xliv, 329. 
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intracellular, bacterium-like organisms found arthropods.” 
This inclusion the word necessitates mention the fact 
reported succeeding paper that similar microorganisms have been found 
the insect vector that the under consideration fulfill 
this condition also. discussion will limited the microorganisms seen 
mammalian tissues. 

expressed the opinion that are only known 
concerned with three diseases; namely, Rocky Mountain spotted fever, typhus 
fever, and trench fever. They have been frequently seen the invertebrate 
ectoparasitic hosts association with all three. mammalian tissues they have 
also been reported Rocky Mountain spotted fever, chiefly 
and typhus fever Wolbach and Stevenson and 
with certain reservations, and more emphatically Wolbach, Todd, 
and but questionable whether they have been observed trench 
fever. 

The kindness Professor Wolbach and Dr. Nicholson giving slides 
containing the Rickettsia spotted fever, and Professor Wolbach giving 
tissues from cases typhus fever, which have sectioned and stained myself, 
makes possible for compare these very closely with the micro- 
organisms heartwater. For convenience this comparison given tabular 
form. Rocky Mountain spotted fever listed first the only disease which 
have been proved the etiological agents and which they may 
invariably detected the tissues; then typhus fever, which Wolbach and 
his colleagues have presented valuable evidence favor the 
causative agents; and lastly heartwater. 

addition this close resemblance between the three microorganisms 
hrought out Table there are certain points similarity between the viruses 
the three diseases. each case the virus may transmitted the bites 
infective insects (or arachnids) the inoculation infective blood which 
are not demonstrable may with difficulty (Rocky Mountain 
spotted fever). All three occasion high temperature reaction and heavy mor- 


Cowdry, V., Exp. Med., 1925, xlii, 253. 

Arkwright, Roy. Army Med. Corps, 1924, 447. 

B., Rocky Mountain spotted fever, Bryam and Archibald, 
The practice medicine the tropics, Oxford Medical Publications, Oxford, 
1923, iii, 2092. 

Wolbach, B., Med. Research, xli, 

Kuczinski, Centr. allg. Path. path. Anat., 1919-20, xxx, quoted from Ark- 
wright, A., Typhus fever, Bryam and Archibald, The practice medicine 
the tropics, Oxford Medical Publications, Oxford, 1923, iii, 2078. 

Stevenson, C., and Balfour, A., Path. and Bact., 1921, xxiv, 289. 
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tality. The virus heartwater seems differ from that Rocky Mountain 
spotted fever and resemble that typhus fever respect the fact that 
not inherited through successive generations the eggs the invertebrate vector. 
All three viruses are unfilterable and yet They not retain 
their vitality even under the most favorable conditions vitro for more than few 
days; and one attack the disease confers permanent immunity one lasting 
for several years. 

divergence clinical symptoms between heartwater, the one hand, and 
spotted fever and typhus fever, the other, expected, because heart- 
water is, contrast, disease ruminants only. all three, however, func- 
tional disturbances the nervous system are common occurrence. The absence 
rash heartwater probably due the non-involvement the cutaneous 
blood vessels. this property, that the vascular endothelium all parts 
the body retains its normal vitality and not injured the action the virus, 
which makes heartwater very favorable for the study the general problem 
the relation disease. heartwater the may easily 
studied endothelial cells which are all appearances normal except for the 
mechanical distention which they have undergone accommodate the Rickettsie 
large numbers. contrast both spotted fever and typhus fever the blood 
vessels are the seat severe lesions and the endothelium much involved. This 
injury results the appearance numerous granules within the endothelial cells, 
which mask the microorganisms. consequence this fact investigators have 
been slow accept conclusions based wholly upon the histological study 
particularly since the Rickettsie both spotted fever and typhus 
have resisted many and repeated attempts artificial cultivation. Not only 
the study heartwater relieved from this handicap, but addition the 
may rapidly demonstrated relatively simple methods technique. 


SUMMARY. 


Gram-negative, intracellular, coccus-like microorganism was 
found cases heartwater the three species which are susceptible 
the disease; namely, goats, sheep, and cattle. was absent the 
case control animals, both normal ones and those dying some 
other diseases. The presence this microorganism was definitely 
related the febrile reaction. was most easily detected the 
renal glomeruli and the small capillaries the cerebral cortex 
but probably occurred throughout the body. The microorganism 


this respect they apparently differ from (1) Rickettsia melophagi 
W., Arch. Schiffs- Tropen-Hyg., 1917, xxi, 53); (2) Rickettsia rocha-lime 
(Weigl, R., Przeglad Epidemjol., 1921, 373); and (3) nipponica (Sel- 
W., Am. Trop. Med., 1923, iii, 529). 
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was typical endothelial parasite, being restricted distribution 
the endothelial cells the smaller blood vessels and portions 
such elements which had broken off into the blood stream. was 
never observed cause injury the cells other than those incident 
mechanical distention through accumulation within them many 
individuals large densely packed masses which were characteristi- 
cally spherical. typical attribute was the presence several 
these masses within the cytoplasm single endothelial cell. 
view the association this microorganism with heartwater, 
disease ruminants, and thus far the only one which microorgan- 
isms resembling have been reported, the designation 
Rickettsia ruminantium proposed. 


EXPLANATION PLATES. 
10. 


The microorganisms the endothelial lining small blood vessels are repre- 
sented colored with Giemsa’s stain. The drawings were made with Zeiss 
apochromatic objective 1.5 mm., compensating ocular and camera lucida giving 
magnification 1,940 diameters. 

Fic. Spleen (G. 4510) fixed Regaud’s fluid. small branching capillary 
shown, the lumen which occluded the enlargement endothelial cells 
containing microorganisms. 

Fic. Spleen (S. 6821) fixed Zenker’s fluid. swollen endothelial cell 
depicted containing roughly spherical mass microorganisms embedded 
chromophobic cytoplasm. 

Fic. Kidney (G. 4510) fixed Regaud’s fluid. clump microorganisms 
seen discharging into the blood stream. 

Fic. Cerebral cortex (G. 8386) fixed Zenker’s fluid. clump micro- 
organisms the endothelial lining small blood vessel. 

Fic. Kidney (G. 4510) fixed Regaud’s fluid. endothelial cell contain- 
ing two masses microorganisms with the lumen (at the base the drawing) 
almost blocked. contact with histogenous mast cell possessing granules 
which are irregular and shape and colored deep red. 

Fics. Cerebral cortex (G. 4510) fixed Zenker’s fluid. Two capil- 
laries with endothelial cells containing clumps microorganisms surrounded 
zones unstained cytoplasm. 

Fic. The same. rather larger blood vessel with two endothelial cells 
different stages engorgement. 

Fic. Kidney (G. 4510). larger blood vessel with engorged endothelial 
cells which the microorganisms are arranged multiple sharply outlined clumps 
which were found very characteristic heartwater. 
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11. 


The photomicrographs were taken with Zeiss apochromatic objective mm., 
1.40 aperture, and compensating ocular giving magnification 1,400 diameters. 
The preparations were fixed Zenker’s fluid and colored Giemsa’s stain. 

Fic. 10. small blood vessel the cerebral cortex (G. 4510) which two 
clumps microorganisms are seen within the cytoplasm endothelial cells. 
The cell containing the largest clump completely occludes the lumen the vessel. 
There smaller clump the next endothelial cell the left, colored 
tensely, since the microorganisms are more closely packed together. Each clump 
encircled halo lightly stained cytoplasm. 

Fic. 11. clump microorganisms within endothelial cell renal 
glomerulus (G. 8386). some places may seen that the organisms are 
grouped pairs and that each surrounded halo. 

Fic. 12. Four clumps microorganisms within endothelial cell capil- 
lary between the renal tubules (G. 4510). The fourth clump the left slightly 
out focus. The nucleus flattened and lies just below the microorganisms. 

Fic. 13. clump microorganisms endothelial cell somewhat larger 
blood vessel the same kidney. 


Fic. 14. Another group microorganisms within endothelial cell capil- 
lary the same kidney. 


Fic. 15. clump microorganisms endothelial cell small blood vessel 
the cerebral cortex (G. 8386). 
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STUDIES THE ETIOLOGY HEARTWATER. 


RICKETTSIA RUMINANTIUM (N. Sp.) THE TISSUES TICKS 
TRANSMITTING THE DISEASE.* 


COWDRY. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


13. 
(Received for publication, February 25, 1925.) 


the first these studies! attention was directed toward specific 
febrile disease sheep, goats, and cattle South Africa which 
known heartwater account the collection variable amount 
fluid the pericardium. Upon histological examination new 
kind was found all three the species suffering from 
the disease, which was uniformly absent controls. The 
were present within the endothelial cells the smaller blood vessels 
throughout the body but were most easily detected the brain, 
kidneys, and spleen. Their occurrence corresponded very closely 
with the febrile reaction and they disappeared from the tissues soon 
after the temperature returned normal surviving animals. This 
disappearance coincided with loss the infectivity the blood 
when was injected into healthy animals. the basis these 
observations seemed probable that the might the causa- 
tive agents heartwater, and since microorganisms belonging 
this general category had hitherto been reported association with 
disease ruminants the term Rickettsia ruminantium was adopted 
for them. 


contribution the South African Expedition The Rockefeller 
Institute for Medical Research. 

The experiments were made the Government Laboratories Onderstepoort 
and cordial thanks are due the Government the Union South Africa, 
Sir Arnold Theiler, and the members his staff for the many courtesies 
extended. 

Cowdry, V., Exp. Med., 1925, xlii, 231. 
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The present paper had the object ascertaining whether these 
also occurred ticks capable transmitting the disease. 
For this purpose, and through the foresight Sir Arnold Theiler, 
was possible experiment with large number unfed larve all 
which were the descendants single female belonging the species 
Amblyomma hebreum, which known capable transmitting 
The plan adopted was separate these readily compar- 
able (numbered 517) into several series some which were fed 
diseased animals and some normal animals detailed Table 
this way ticks presumably harboring the virus and others 
known free from it, since the virus not inherited from one 
generation another through the eggs,* were available for examina- 
tion and experimentation successively larve, nymphe, and 
adults. 

The methods tick experimentation and the con- 
trols devised Sir Arnold Theiler and J.du Toit were found 
most helpful. All the ticks were kept sterilized 
test-tubes, and the tubes themselves were placed glass jars the 
bottoms which were covered thick layers moistened sand. 
large well ventilated room was devoted solely the care the ticks. 
They were protected from direct sunlight and from strong illumina- 
The history the larve and the experiments performed 
with them and their descendants summarized Table which has 
been extracted from the laboratory records. this table, passing 
from left right, information given from the origin the female 
which laid the eggs, through the subsequent periods feeding and 
moulting the and nymphe derived therefrom. 


The Infection Ticks. 


Five batches portions Series 517, were segregated and 
numbered 604, 605, 606, 607, and 614 respectively (Table I). The 
first three (Nos. 604, 605, and 606) were fed normal animals, and 
the remaining two (Nos. 607 and 614) were fed animals suffering 
from heartwater. That the virus was actually the blood the 


Lounsbury, P., Agric. Cape Good Hope, 1899; 1900, xvii, 682; 1902, 


xx, 29; xxi, 22, 165, 221, 315; Rep. Gov. Entomol., 1903, 15; Agric. Cape 
Good Hope, 1904, xiv. 
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time feeding was proved inoculation portions into sus- 
ceptible animals, which, after the usual period incubation, con- 
tracted typical attacks the disease. 

The engorged the series fed from the sick animals (Nos. 
607 and 614) were allowed moult, and certain nymphe which 
developed from them, renumbered 636, 637, 638, and 640 respectively, 


TABLE 
Examinations. 
Rickettsia 
Series. Data. 
Present. Absent. 
Original 517. Unfed larve 189 days after hatching. 
Control 604 No. days after commencing feed 
larve: 51, 53, 57-59, 61-64, 75-79, 84, 
85, 96, 105, 112. 
Same: 75, 104, 106, 111. 
Infective 607 30, 58-60, 61, 62, 64, 67, 68, 70, 71, 
81, 84, 89, 
Same: 13, 14, 16, 20, 22, 23, 27, 28-34, 40, 102 
41, 45, 46, 47, 50, 54, 55, 57, 68. 
Control 635, origin- Same: 47. 
ally 517. 
inally 607. 
nally 614. 
Control 647, origi- No. days after ceasing feed larve: 
nally 517. 


were fed upon normal animals. Some these latter developed heart- 
water, will related subsequently (see page 266). was felt that 
decisions the presence absence could only based 
upon very thorough study the ticks. For this reason, although 
comparatively few specimens were examined, probable that the 
results are more dependable than many hundreds had been super- 
ficially observed. The histological examinations made are listed 
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Table II. the first column, the number and character the 
series given; the second, the time the examinations were made 
after the ticks were fed larve (the days when Rickettste were 
observed being underlined) and the third, the findings regard 
the presence absence 


Method Examining the Ticks. 


routine procedure and the majority cases the ticks were studied 
sections, but this method was often supplemented smears and teasing out 
the living cells sterile salt solution and observing them oblique illumina- 
tion and direct illumination, unstained and with the aid various vital dyes. 
Special treatment was naturally required each stage the life cycle. 

Unfed larve soon after they hatched from the eggs (Series 517) were such 
small size that large numbers (twenty-five more) were fixed (in Regaud’s 
fluid) one time. They were allowed settle fairly compact mass the 
paraffin before solidifying. The clumps larve thus formed cut with difficulty, 
but few good sections were often obtained. making smears ten more 
larve were applied successively single slide. Care was taken smear them 
roughly parallel that each specimen could followed from end end with 
the aid mechanical stage. 

Engorged larve were also found exceedingly difficult properly fix and sec- 
tion account the large amount blood contained their intestines, their 
very resistant integument, and their relatively small size. Accordingly, chief 
reliance was placed smears and the examination living tissues. The 
smears were made, the case the unfed larve, with the help sterile 
instruments upon clean slides without the addition any saline solution. 
this method drying was almost instantaneous. Before staining, the smears were 
fixed absolute alcohol, which gave better results than methyl alcohol. 

The being slightly larger and less brittle, were cut into sections com- 
paratively easily. order prevent the chitin from hardening, the time re- 
quired for dehydration and for embedding was reduced minimum. The 
penetration the fixative was facilitated the removal the legs and 
making small incision the integument. The sections were cut thickness 
but even with the greatest care complete series sections was never 
obtained. first Zenker’s fluid was employed preservative, but this was 
later abandoned account crystalline deposit produced it, for the most 
part within the intestinal lumen. This deposit was not removed the action 
Lugol’s iodine solution followed per cent solution sodium hyposulfite, 
but was dissolved allowing the sections remain for few minutes 
per cent solution potassium permanganate followed rinsing them per 
cent oxalic acid. This treatment, however, partially destroyed the contrast 
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coloration with Giemsa’s stain. For this reason Regaud’s mixture was later 
used, consisting parts per cent solution potassium bichromate and 
part commercial formalin.* The intensity the subsequent coloration 
Giemsa’s stain was increased the mordanting action the formalin that 
was necessary render the staining fluid feebly alkaline and add methyl 
alcohol advised Wolbach.* Other fixatives and stains were employed for 
special purposes (see page 260), and the tissues were examined smears and 
the living state. 

the case was necessary remove all traces the chitinous 
exoskeleton order secure good sections. was found that this was easily 
accomplished after few hours preliminary fixation formalin Regaud’s 
fluid which made the tissues firmer and greatly facilitated the stripping off the 
chitin. Slightly better results were obtained when the ticks were partially 
dehydrated the alcohols before commencing remove the chitin, because 
this treatment made the viscera more cohesive. Another device was used with 
engorged nymphs well with adults. This consisted squeezing out the 
viscera through small incision the exoskeleton. small pair artery 
ciamps proved much more helpful than ordinary forceps because with them the 
pressure could regulated and maintained. After little practice and with 
the use clean wet needle the viscera could, most instances, freed 
single drop, which kept its shape when fell into the fixative and was con- 
sequently very easily imbedded and sectioned. For this purpose Regaud’s fluid 
gave poor results compared with Zenker’s fluid, Giemsa’s sublimate, and 
sublimate acetic, because the tissue tended disperse instead retaining 
its spherical shape. 


Microorganisms Found. 


From the outset relatively large, Gram-negative, very pleo- 
morphic, typically intracellular, bacterium-like microorganism was 
invariably found present within the lining epithelial cells the 
Malpighian tubules all ticks nymphe, and adults), both 
non-infective. This was the same microorganism 
that previously reported the eggs the specimens Amblyomma 


sent Sir Arnold Theiler The Rockefeller 


Since was shown that occurs likewise unfed (Series 517) 
modified Regaud’s fluid recommended for the study Rickettsie 
lice (Rosenberger, G., Arch. Schiffs- Tropen-Hyg., 1922, xxvi, 112). 

V., Exp. Med., 1923, xxxvii, 431. 
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which had been reared sterile test-tubes and had taken food, 


was concluded that constitutes hereditary 
ruminantium, the other hand, was only observed 
infective ticks Series 607 and 614. the life histories both 
and the microorganism above referred are imperfectly known, 
there always the possibility that some stages the two may 
confused. particularly guarded against the study 


TABLE 


Comparison the Pleomorphic Microorganism and Rickettsia ruminantium. 


Pleomorphic microorganism. Rickettsia ruminantium. 


Morphology. Rods and filaments 0.5-1.5 Cocci and diplococci; pairs 0.25- 


very pleomorphic. 0.3 0.5-0.8 very regular. 
Staining reac- Gram-negative. Usually red Gram-negative; usually blue with 
tions. Giemsa; after formalin fixation Giemsa; after formalin fixation 
stains lightly Goodpasture’s stains electively and intensely 
fuchsin method;* fragile, not Goodpasture’s fuchsin method; 
easily fixed; stains heterogene- not fragile, very easily fixed. 
ously, revealing chromophilic Stains homogeneously, 

areas. ing internal structure. 
Position. Intracellular egg cells and Mal- Intracellular and sometimes extra- 
pighian tubules. cellular alimentary tract; not 
egg cells Malpighian 

tubules. 

Occurrence. all and adults Only infective specimens, and 
infective and non-infective; in- not inherited through the eggs. 


herited through the eggs. 


for Hertig and Wolbach (Hertig, M., and 
Wolbach, B., Med. Research, 1923-24, xliv, 329). 


the multiplicative phases smears when the two microorganisms 
are nearly the same size and their relations the cells the tick 
have been lost. They have been contrasted Fig. large 
pleomorphic microorganisms are seen the cells the Malpighian 
tubule above and small clumps the much more minute Rick- 
ruminantium are represented contiguous intestinal epithelial 


proposed discuss this microorganism together with others occurring 
ticks and transmitted hereditarily subsequent paper (Cowdry, V., 
Exp. Med., 1925, xli, 817). 
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cells below. The first are colored red Giemsa’s stain, and the 
second blue. Other criteria distinction are listed Table 


Specimens Amblyomma hebreum unknown history were found 
occasionally infested with third type Gram-positive 
bacillus, approximately 0.25 parasitic the cells the salivary glands; 
but this microorganism was not observed the carefully protected ticks under 
experimentation. only mentioned here that subsequent investigators 
may once eliminate any consideration the etiology heartwater. 


Distinctive Characters Rickettsia ruminantium Observed 
Infective Ticks. 


Attempts examine ruminantium the living state 
within intestinal epithelial cells teased out sterile saline solution 
and the contents the gut yielded only indecisive results owing 
uncertainty identification. The main difficulty was distinguish 
between the and some granules from the salivary glands 
about the same size which tended also occur similar spherical 
clumps. But the differentiation was clearly made upon the addition 
little the relatively pure medicinal methylene blue Meister, 
Lucius, and Bruening (prewar product). Ina concentration about 
1:20,000 this dye colored both the granules and the Rickettsia, the lat- 
ter rather more intensely. The were less refractile and did 
not possess the definite contours the granules. They were not mo- 
tile. Each blue-colored Rickettsia seemed surrounded very 
thin layer unstained created theillusory impression 
that the were less closely packed together than the granules. 
When brilliant cresyl blue (Griibler) was applied place methylene 
blue, the became stained light purple, but were not clearly 
seen. The Ricketisie were also colored neutral red (Leopold 
Casella and Co.), but was more difficult detect them owing 
the strong affinity many other granules for this dye. 

The examination living cells and the contents the gut 
dark-field illumination, even under the most favorable optical con- 
ditions, proved unprofitable because myriads mitochondria 
approximately the same size and shape the were revealed 
clearly that any attempt differentiation between the two would 
have been both arbitrary and futile. This confusing element could 


Ag 


COWDRY 261 


perhaps have been predicted the basis observations recorded 
the literature relative the mitochondria Ixodes Argas 
and Amblyomma The distinction between 
mitochondria and was made beyond peradventure fixed 
tissues will related the following paragraphs. 

Much information was gained the study air-dried smears fixed 
absolute alcohol and colored Giemsa’s method. But the 
examination the smears was necessary again carefully dis- 
tinguish between the and these granules the salivary 
glands. Like the these granules often occurred spherical 
clumps and were very minute and fairly uniform size, but they 
always stained (by Giemsa) light brick-red color and differed from 
the the finer points their morphology. contrast 
the clumps were usually colored blue light purple 
(Fig. and places where the individual microorganisms had been 
separated was observed that many the were composed 
two materials, one colored red and the other very pale blue, 
illustrated Fig. The red-staining material was present two 
minute spherules embedded the blue-staining substance which 
intervened between them. The ends the pairs, composed the 
red-staining spherules, were uniformly rounded. The intervening 
blue-staining substance frequently possessed greater diameter than 
the spherules. The distance between the spherules was greater than 
that generally seen the case pairs diplococci. some cases 
this distance varied somewhat, suggesting degrees separation 
after transverse division. These properties called once mind 
the similar appearance smears the typhus and 
Rocky Mountain spotted fever and nipponica culti- 
vated But very exhaustive search failed reveal any 
filamentous forms the case ruminantium. 

Rickettsia ruminantium was most profitably studied sections and 
its relation the intestinal epithelial cells determined. Its most 
characteristic feature, already alluded to, was its habit occurring 
densely packed spherical clumps, precisely the endothelial cells 

E., Zool. Anz., 1909, xxxiv, 511. 


B., Morphol., 1916-17, xxviii, 643. 
W., Am. Trop. Med., 1923, iii, 529. 
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animals suffering from heartwater. This clumping well illus- 
the first part this report dealing with the same Ricketisia 
mammalian The clumps varied greatly size and several 
them were often found within the cytoplasm single cell (Figs. 
7), just mammals. The tendency noted mammals for 
the masses Ricketisie surrounded kind halo clear 
cytoplasm, was less marked the ticks, probably because the cyto- 
plasm the intestinal epithelial cells was very fluid and contained 
comparatively little stainable ground substance, perhaps account 
the absence intracellular digestion the them. 
some cases the ticks was seen that these clumps were distinctly 
heterogeneous character, being composed the them- 
selves, and matrix, which differed staining properties from the 
ground substance the cells. matrix was detected specimens 
Series 607 fixed both Regaud’s fluid and per cent formalin 
and colored Giemsa’s stain which was only slightly differentiated. 
illustrated light blue Fig. and Its occurrence, how- 
ever, was not constant even neighboring clumps 
the same section which were presumably colored exactly the same 
way. The matrix seemed most frequently met with the 
case masses which were not very tightly packed 
together. Experimental evidence that the individual com- 
posing clump were very cohesive was obtained the examination 
living tissues and smears which the clumps often remained 
intact (as represented Fig. 3), although they had been subjected 
considerable mechanical traction. The clumps 
gressively size and number during the first few days after their 
first appearance, and the older the were observed 
escape into the lumen the intestine. this new location also 
they usually retained their clump-like association (in spite the fact 
that they were suspended more fluid medium), but they were 
occasionally scattered about singly and small irregular groups. 

When closely crowded together the Ricketisie had the appearance 
minute cocci about 0.2 diameter illustrated Figs. 
When, however, the plane section passed barely through 
the edge mass the optical effect superposition was 


- 


COWDRY 263 


avoided and was observed that some them were bacillary shape 
and others diplococcal. ‘The bacilli measured about 0.2 0.3 0.4 
0.5 seen after fixation Regaud’s fluid and coloration 
Giemsa’s stain. The pairs diplococci were approximately 0.2 
0.8 important note that the coccal forms were sometimes 
swollen the action formalin indicated Fig. and 


Certain atypical bodies possibly, but not probably, related the 
made their appearance sections ticks Series 607, examined 
days after they commenced feed infected animal. They were larger 
than most bacillary coccoid shape, sometimes disposed pairs, 
and usually embedded the substance clumps true After 
Regaud’s fixation they were colored dark red Giemsa’s stain, instead some 
shade blue purple. These atypical bodies are illustrated Figs. 
They were not seen older which had become engorged 
with blood feeding animals which they transmitted heartwater, although 
the regular forms were abundant the lining epithelial cells the 
intestine and free the lumen. Nor were they observed adults. 


The duality staining property, observed the smears, was not 
clearly seen sections—an experience also reported Hertig and 
Rickettsie heartwater were usually stained only one color, with 
the possible exception the questionable atypical forms already 
mentioned. The reactions the were, was 
expected, more dependent upon the fixative (and its mordanting 
action) than upon the stain. For example, with Giemsa’s stain they 
were colored clear blue, after Zenker’s fluid with without acetic 
acid; bluish purple, after Regaud’s fluid, formalin, Carnoy’s fluid; 
pale green, after Flemming’s fluid; and light pink after the picrosul- 
furic mixture The were Gram-negative and 
stained well Goodpasture’s fuchsin method and Unna’s alkaline 
methylene blue after appropriate preservations. stained prepara- 
tions their outlines were somewhat less distinct than those most 
bacteria, phenomenon which Rocha-Lima” noted his descrip- 
tion the type species, Rickettsia 


Hertig, M., and Wolbach, B., Med. Research, 1923-24, xliv, 329. 
Mitt. Station Neapel, 1880, ii, 
Rocha-Lima, H., Arch. Schiffs- Tropen-Hyg., 1916, xx, 17. 
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observed sections, the intestinal epithelial cells containing the 
Rickettsia showed recognizable signs injury, was the case also 
with the endothelial cells mammals suffering from 
heartwater. important point similarity with the 
Rocky Mountain spotted fever seen the tissues the 
tick venustus and with many other Rickettsie which 
typically establish relations with their arachnid hosts approaching 
true symbiosis. 

describing the just mentioned, they occur mam- 
malian tissues was shown! that they are true microorganisms which 
need not confused with mitochondria, with any other normal 
cellular component, with any product cellular degeneration 
injury. Much the evidence then advanced applicable also 
these ticks. will suffice recall their characteristic 
morphology and staining properties, their presence infective ticks, 
and their absence controls. 


Relation ruminantium Infectivity Ticks. 


ruminantium was observed the two strains ticks 
(i.e. Nos. 607 and 614) which had fed upon cases heartwater and was 
uniformly absent the three series controls (i.e. Nos. 604, 605, and 
606). 

Series 607 was first seen developed from larve 
which had fed upon case heartwater days previously. But 
Series 614 was detected considerably earlier, one larva days 
after feeding. was not, however, again seen this series (No. 
614) until days after feeding, when the larve had moulted. 

Repeated attempts bring the Rickettsia light both series 
this interval were unsuccessful. Nor could the infectivity the 
larve this time tested experimentally because they were engorged 
with blood and consequently were not condition feed. 
possible that during this period Rickettsie were present singly 
relatively small aggregates and were rapidly bleached the differen- 
tiation the stain. The corresponding failure! observe them 
the circulating blood mammals, the infectivity which was easily 
proved subinoculation, may susceptible similar explanation. 

After the 61st day Series 607, and the 40th day Series 614, the 
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Ricketisie were regularly found about per cent the nymphe 
examined. probable that Series 607 they occurred small 
masses before moulting, Series 614, but escaped recognition. 


TABLE IV. 
Summary Experiments Showing the Infectivity Ticks Containing Rickettsia 
ruminantium. 
Ticks series. Fed on. Consequences. 

614 Sheep 8049 After incubation period days, there 
renumbered occurred abrupt rise temperature 
636. 106.8°, which was maintained about 105.8° 

for days, then fell normal and the animal 
recovered. 

607 Goat 9651 reaction during days observation. 
renumbered (This animal was probably immune.) 

637. 

614 After incubation period days temper- 
renumbered ature rose suddenly 107°, when the animal 
638. was killed. 

614 Goats 8235, Goat 8235 after incubation period 
renumbered 8417 days temperature rose 106° and oscillated 
640. for days between 106° and 104°, when the 

animal died. 

Goat 8417 after incubation period days 
there was sudden rise temperature 106° 
which was maintained for days, when fell 
normal and rose again about 106° the 
25th day. Again the fever was maintained 
for days, when subsided and the animal 
was discharged. 

614 Goat 9662 After incubation period days, abrupt 

The engorged rise temperature 107.0° occurred, which 


nymphe were not 


renumbered. 


was maintained with slight oscillations for 
days. Then commenced fall and the 
animal died. 


Contrary expectations, the seemed strictly 
limited the epithelial cells the intestine and the lumen the 
gut. They were never detected with certainty the cells the sali- 
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vary glands. Perhaps this location also they may have escaped 
observation because the accurate identification single 
embedded cells which are highly granular, even under the most 
favorable conditions, would naturally problem considerable 
difficulty, particularly the happened spherical 
shape. But although infection may take place through the pouring 
salivary secretion, containing into the wound the time 
feeding, this not necessarily the case. 


example another method transmission afforded the tick Orni- 
thodorus will recalled that Leishman has brought forward con- 
siderable evidence show that ordinary temperatures the salivary glands 
Ornithodorus moubaia not harbor Spirocheta dutioni and that infection with 
relapsing fever probably takes place either regurgitation, the excretion, 
infective matter from the alimentary canal. either case the spirochetes 
would penetrate through the wound caused the tick’s 


The experiments made the tick transmission the disease have 
been summarized Table IV. 

brief, feeding the which possessed their 
alimentary tracts susceptible sheep and goats resulted typical 
attacks heartwater, and the tissues the sick animals identical 
made their appearance. Thus, ticks, mammals 
the proved inseparable from the heartwater virus. 
Like the virus, they were acquired when were fed animals 
suffering from heartwater and containing Like the virus, 
also, they passed through the first moulting period into nymphs 
which their presence coincided with the presence the virus, or, 
other words, with the ability transmit heartwater. known 
that the virus will pass the second moulting period into adults and 
these also have found the (Table II, Series 638; Fig. 13). 

That Rickettsia ruminantium highly specific microorganism and 
confined the heartwater tick, Amblyomma hebreum, was deter- 
mined examination preparations made primarily for other pur- 
several other ticks the names which follow: Amblyomma 
americana, Amblyomma Amblyomma tuberculatum, Argas 
persicus, Boophilus decoloratus, Dermacentor albipictus, Dermacentor 


from Hindle, E., Parasitology, 1911, iv, 133. 
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variabilis, Dermacentor venustus, leachi, Hemophysalis 
leporis palustris, Hyalomma Margaropus annulatus, Mar- 
garopus australis, Margaropus winthemi, Ornithodorus 
moubata, Ornithodorus megnini, Ornithodorus turicata, Rhipicephalus 
appendiculatus, Rhipicephalus capensis, Rhipicephalus evertsi, Rhipi- 
cephalus pulchellus, Rhipicephalus sanguineus, and Rhipicephalus 
simus. 


DISCUSSION. 


concluding the first section this paper 
elisia ruminantium, appeared the tissues animals suffering 
from the disease, was compared with the which are asso- 
ciated with Rocky Mountain spotted fever and with typhus fever 
observed the tissues man and other mammals. 

order supplement this comparison and furnish more com- 
plete data Table was prepared giving the properties 
seen the arthropod vectors. 


For convenience the comparison has been made along the same lines 
Paper which merely continuation. The chief difference that 
this case trench fever has also been considered, since the presumably 
concerned with are well known lice. The comparison Rickettsia rumi- 
nantium with the Dermacentroxenus rickettsia spotted fever has been greatly 
facilitated the kindness Dr. Parker Hamilton, Montana, send- 
ing Dr. Noguchi abundant supply ticks, infected with the virus spotted 
fever, some which Dr. Noguchi very courteously made available for histolog- 
ical study. 


This table shows that Ricketisia ruminantium, exists its 
arthropod host, resembles the type species, 
rather more closely than does the Rickettsia Rocky Mountain 
spotted fever, particularly its position within the lining epithelial 
cells the alimentary tract and the absence intranuclear forms. 
Filamentous forms were not observed, the other three Rick- 
but, like them, Rickettsia ruminantium was Gram-negative, 
showed red- and blue-staining materials division, possessed rather 
less sharply outlined contours than most bacteria, and was very 
minute size. 

Concerning the causative relationship these three 
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diseases and heartwater, there remains, however, element 
uncertainty, because none them have the been iso- 
lated pure cultures and the disease produced inoculation there- 
with. the case tsutsugamushi disease, conditions seem 
reversed, inasmuch has apparently been successful 
cultivating microorganism which has not thus far 
been clearly observed the tissues patients suffering from the dis- 
ease the arachnids which transmit it. His observations fur- 
nish point departure for the histological examination the tissues 
tsutsugamushi disease and may point the way the successful 
cultivation other pathogenic the earlier studies 
their failure grow upon artificial media was frequently 
cited point importance identification. Happily this diffi- 
culty process being overcome Rickettsia and 
Rickettsia which most closely approximate ordinary 
bacteria their properties. One the least bacterial nature, 
Dermacentroxenus has been successfully propagated tis- 
sue cultures Wolbach and and Rickettsia ctenocephali 
has been cultivated the celom the body louse 

recent paper expressed the opinion that 
are only known concerned with three diseases, Rocky Moun- 
tain spotted fever, typhus fever, and trench fever. these three 
may add heartwater, and possibly, result Sellards’ work, 
tsutsugamushi disease also. the observations reported the 
present paper are confirmed, the recognition typical 
heartwater will enlarge our conception the scope the patho- 
genicity these microorganisms, which has hitherto been restricted 
man and experimentally infected animals, the inclusion 
disease domestic animals which never man. The bring- 
ing new diseases under the general heading sug- 
gests the likelihood that the limitations this group have not yet 


W., Arch. Schiffs- Tropen-Hyg., 1917, xxi, 53. 

Weigl, R., 1921, 373. 

Wolbach, B., and Schlesinger, J., Med. Research, 1923-24, xliv, 231. 
Sikora, H., Arch. Schiffs- Tropen-Hyg., 1921, xxv, 123. 

Arkwright, A., Roy. Army Med. Corps, 1924, xlii, 447. 


@ 


272 ETIOLOGY HEARTWATER. 


been established and that other febrile diseases unknown etiology, 


which are insect-transmitted, may eventually found fall the 
same category. 


SUMMARY. 


The evidence offered the first these indicative 
causative relationship between Rickettsia ruminantium and heartwater 
supplemented the following observations concerning the ticks 
which carry the disease. 

When larve, which had taken food since hatching, were allowed 
feed upon cases heartwater, they acquired which 
appeared identical with those the tissues animals suffering 
from heartwater, whereas control larve hatched from eggs deposited 
the same female and fed normal animals remained free 

After presumably infective had moulted, the resultant 
containing their alimentary tracts, when fed 
upon susceptible animals produced them typical attacks heart- 
water, which the control devoid failed do. 
The tissues animals thus infected were found upon histological 
examination contain typical 


EXPLANATION PLATES. 
12. 


The figures were drawn with Zeiss apochromatic objective 1.5 mm., com- 
pensating ocular and camera lucida, and have been reproduced without reduc- 
tion that they represent magnification 1,940 diameters. 

Fic. composed two materials, one colored faint red purple 
and the other light blue. From smear nymph Series 614, made days 
after the nymph had commenced feed larva Bull 424 suffering from 
heartwater. The smear was dried air, fixed absolute alcohol, and colored 
Giemsa’s stain. 

Fic. Large clump Rickettsie from section nymph Series 607 
made days after feeding Calf 928 suffering from heartwater. Fixed 
Regaud’s fluid and colored Giemsa’s stain. 

days after feeding Bull 424. Fixed absolute alcohol and colored 
Giemsa’s stain. 


(a), and (6), (c) Three clumps intestinal epithelial 
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cells showing certain larger more irregular bodies stained dark red. From 
section nymph Infective Series 607 fixed, days after feeding, Regaud’s 
fluid and colored Giemsa’s stain. (d) single clump embedded 
blue-stained matrix. From section nymph Infective Series 607 
fixed, days after feeding, per cent formalin and colored Giemsa’s 
stain. Another clump more lightly colored within blue- 
stained matrix. From section nymph Infective Series 607, fixed, 
days after feeding, Regaud’s fluid and colored Giemsa’s stain. (f) and 
(g) Two clumps swollen the action formalin. From the same 
preparation (d). 

Fic. Two clumps Rickettsie within intestinal epithelial cell. From 
nymph Infective Series 607, fixed Regaud’s fluid days after feeding, 
and colored Giemsa’s stain. 

Fic. Large intestinal epithelial cell containing several clumps 
from nymph Infective Series 607, fixed Regaud’s fluid days after feed- 
ing and colored Giemsa’s stain. 

Fic. portion the wall Malpighian tubule, and, below, adjacent 
epithelial cells the intestine. The cells the Malpighian tubule contain 
large bacillary microorganisms and the intestinal cells clumps 
Neither the two types cells shows signs injury. From nymph In- 
fective Series 607 Regaud’s fluid days after feeding and colored 
stain. 


The photomicrographs were taken with Zeiss apochromatic objective mm., 
1.40 aperture, and compensating ocular giving magnification 1,400 
diameters. 

Fic. Two clumps one spherical, very densely packed, and 
the left, the other slightly the right the center and showing well the 
individual From nymph Infective Series 607, taken days 
after feeding larva, fixed per cent formalin, and stained Good- 
pasture’s fuchsin method. 

Fic. Intestinal epithelial cells containing one very large and deeply stained 
oval clump the left, somewhat smaller one the right, and 
still smaller, scattered, irregular masses From nymph In- 
fective Series 614, days after feeding, fixed Regaud’s fluid and colored 
Giemsa’s stain. 

Fic. 10. Clumps large intestinal epithelial cell. Close exam- 
ination reveals the presence rather larger atypical bodies (see page 263) em- 
bedded among the From nymph Infective Series 607 taken 
days after feeding larva and fixed Regaud’s fluid and colored Giemsa’s 
stain. 

Fic. 11. Two clumps within the lumen the rectal sac. From 


274 ETIOLOGY HEARTWATER. 


nymph Infective Series 607 taken days after feeding larva, fixed 
Carnoy’s 6:3:1 fluid, and colored Giemsa’s stain. 

Fic. 12. Large intestinal epithelial cell containing several clumps Rickeit- 
embedded highly granular cytoplasm. From nymph Infective 
Series 607 which had fed Goat 9651 and had been renumbered 637 (see Table 
IV). The viscera the nymph were fixed Regaud’s fluid and colored 
Giemsa’s stain. 

Fic. 13. Clumps within intestinal epithelial cell adult 
descended from larva which days previously had fed animal suffer- 
ing from heartwater and which nymph fed upon Goat 9665, transmitting 
heartwater it. Fixed Regaud’s fluid and colored Giemsa’s stain. 
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